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SUMMARY
A series of twenty six complexes of general formula 
FeiOCH^^L where L is an aliphatic or aromatic monocarboxylate 
have been prepared by an improved method. Only two of the 
complexes have been previously prepared.
All complexes are yellow or flesh coloured powders, 
unstable to atmospheric moisture and insoluble in the usual 
organic solvents. The majority are stable to heat up to 250°C.
Magnetic moments at room temperature fall in the range 
4.95-0.3 B.M. The moments are less than 5*92 B.M. expected 
for high-spin iron(m). The variation of the paramagnetic 
susceptibilities with temperature over the range, 80 - 350°K, 
deviate from simple Curie or Curie-Weiss law behaviour. 
Experimental susceptibilities are consistent with theoretical 
values calculated on the basis of antiferromagnetic exchange 
in a tetrameric cluster of high-spin iron(l1 1) ions.
Infrared spectra in KBr show that the carboxylate groups
are bidentate. The only methoxide C-0 stretching band is
+ —1observed in the region 1044-6 cm. , characteristic of methoxide 
bridging two six-coordinate iron(Hl) ions.
Electronic reflectance spectra indicate six-coordinate 
i r o n ( m )  with symmetry lower than 0^.
On the basis of the magnetic and spectroscopic evidence, 
a tetrameric structure involving trigonal prismatic i r o n ( m )
2
is proposed for the present complexes. No other arrangement was 
found which satisfied the experimental evidence.
3
I N T R O D U C T I O N
k
This work is concerned with the magnetic behaviour of 
trivalent iron in polynuclear complexes. It is necessary 
at the outset therefore to outline the basic concepts of 
magnetism.
The magnetic behaviour of compounds when placed in a 
magnetic field H is given by the relationship
B = H + 7̂7*1 (1)
where B is the magnetic induction, H the strength of the 
applied field and I the intensity of magnetisation.
In terms of magnetic permeability the expression is 
written
jX = 1 + *f7rk
whereJX = B/H, the magnetic permeability and k = I/H, the 
volume susceptibility. This relationship allows the 
classification of materials as either diamagnetic or 
paramagnetic according to the sign and magnitude of I. 
Materials are said to be diamagnetic when I is negative 
and paramagnetic when I is positive.
(2)
More useful quantities to the chemist are the gram 
susceptibility
g density
and the molar susceptibility
X molecular weight
(3)
W
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DIAMAGNETISM
Diamagnetism is a property of all matter irrespective 
of other magnetic properties which may be present« It arises 
from motion of electrons in a closed shell« Electrons in 
filled orbitals produce a magnetic field similar to that of 
a current flowing in a closed loop« When an external 
magnetic field is applied to the system, a small but opposing 
field is produced in accordance with Lenz's law«
1 2Working from this model Langevin and Larmor showed 
that when an external field is applied, the total diamagnetic 
susceptibility for an atom with n extranuclear electrons is 
given by
where N is Avagadro's number, e the electronic charge, m
mean of the squares of the radii of the projections of 
the orbits perpendicular to the applied field« The overall 
diamagnetism of a complex is the sum of the individual 
atomic susceptibilities and constitutive corrections for 
bond type, resonance effects and the chemical environment 
of the atom, so that the diamagnetic susceptibility for the 
molecule is
(5)
- 2the electronic mass, c the speed of light and r the
(6)
PARAMAGNETISM
Paramagnetism arises from the motion of unpaired 
electrons* This gives the atom the properties of a 
permanent magnetic dipole* The permanent magnetic moment 
may be of two-fold origin since both the orbital and spin 
momenta of the electron can give rise to magnetic moments*
. 2 An electron in an orbit has angular momentum mwr where
m is the electronic mass, w the angular velocity and r the
radius of the orbit. Angular momentum is quantised in units
of h/27T where h is Planck’s constant* From wave mechanics
the orbital angular momentum is given by + 1) h/27r
where 1 is the orbital quantum number. Hence,
mwr̂  = + 1) h/27r (7)
rearranging
wr^ = 7 K 1  + 1) h./2'Tfm (8 )
An electron in an orbital, produces a magnetic field 
similar to that of a current flowing in a closed loop. The 
magnetic moment of this single electron magnetic field is 
given by
-2
where c is the velocity of light# 
Substituting from equation 8
(10)
= bJ i d  + D di)
where is the Bohr Magneton#
Similarly, the moment arising from the spin angular 
momentum is given by
where g is the gyromagnetic ratio, the ratio of the 
magnetic moment to the total angular momentum#
The Curie Law
On the application of an external magnetic field to a 
paramagnetic system, two opposing factors influence the 
orientation of the permanent magnetic dipole with respect to 
the field. These are firstly the aligning effect of the 
imposed field which itself aligns the atoms or ions in the 
same direction as itself and secondly the randomising effect 
of thermal agitation#
This simple temperature dependence of the paramagnetic 
susceptibility is given by the Curie law#
JJ-B = S B J b (b + 1) (12)
(13)
where C is the Curie constant for the substance in question#
8
Many paramagnetic substances obey the Curie-Weiss law
C
m = T F T e T (14)
where ©  is the Curie-Weiss constant for the substance. 
Where the Curie-Weiss law applies, a plot of-̂ r against T
X m
is a straight line with an intercept of - ©  on the T axis*
Multi-electron Systems
When there is more than one electron in an orbit, the 
angular momenta 1^ and s^ for the individual electrons may 
combine through spin-orbit coupling to give a total for the 
whole set* The individual electron spins, s^, couple to 
give a resultant, S, the total spin angular momentum for the 
atom whilst the individual orbital angular momenta, 1^, add 
vectorially to give L, the total orbital angular momentum for 
the atom*
For each value of S there may be a number of possible 
values of L each corresponding to a different energy. Each 
pair of S and L values defines a "term" which is conventionally 
represented by the capital letters; S,P,D,F,G,H,.... according to 
whether the value of L is 0,1,2,3,4,5,.... respectively* Within 
each term there are (2S + 1) or (2L +1) states, whichever is 
smaller defining the multiplicity of the term which is then 
designated
2S+1l
the multiplicity shown as a superscript*
9
FIGURE 1
*
a) Vectorial representation of LS coupling where L = 2.0 and
S = |. There are 2(S + 1) = resultant values of J as shown.
H
b) Addition of magnetic moments in an atom.
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The resultant L and S vectors may further couple to 
give J the inner quantum number# LS coupling results in the 
splitting of the degenerate energy levels into states, each 
state being distinguished by a different J value and 
designated
2S+1-
Vectorial representation of the LS coupling scheme is 
shown in Figure 1 (a). The addition of the magnetic moments 
is shown in Figure 1(b). For addition of the magnetic vectors
has been drawn twice the length of S. The resultant moment 
J^LS* tlie adddtdon and/JS does not coincide with the
direction of J but processes about it.
In the calculation of the magnetic moment only 
the component ofJL^, dn the direction of J is considered. The 
measured momentyxis then the component of jUUj. in the direction 
of the applied magnetic field.
For weak LS coupling the vectors L and S contribute 
independently, and the magnetic moment is expressed
ix = + 1) + 4S(S + 1)
Where the orbital contribution is quenched by a ligand field, 
as with the first transition series, the moment becomes
= JkS(S + 1)
(15)
(16)
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(17)
(18)
In the absence of a magnetic field the spectroscopic 
states are (2J + 1) fold degenerate, however the application 
of an external magnetic field removes this degeneracy, the 
energy separation between adjacent component levels being 
H, where H is the applied field strength. This is known 
as the first order Zeeman effect. Thus in an applied magnetic 
field, the atom and its magnetic moment may take any of 
(2J + 1) positions which differ in energy. The distribution 
among these levels is governed by the Boltzmann distribution law.
States of lower energy correspond to positions where the 
magnetic moments are aligned close to or in the direction of 
the imposed magnetic field. The stronger the magnetic field 
the larger is the energy difference, gj^H, for the different 
orientations in the magnetic field and consequently the larger 
is the difference in the number of atoms occupying each state 
at a given temperature. For a given field the population of 
these states increases with decreasing temperature.
For strong LS coupling the vectors L and S are no longer 
independent and the moment is expressed
= g + 1)
where g is the gyromagnetic ratio defined by
1 + J(J + 1) + S(S + 1) - L(L + 1 )g = 2J(J + 1)
The Van Vleck Equation
12
This is taken into account in the general expression
3for paramagnetic susceptibility derived by Van Vleck .
Y , [$&’ ) -feS’ )]"» (-■$**)
' ¥  K  «*p ( X A t )
where N is Avagadro's number
k is Boltzmann's constant 
T the absolute temperature 
g^ the spin degeneracy of level n 
and the total energy of the level in an applied
magnetic field. The total energy may be expressed 
as the power series
Enm = E° + E ^ H  + E ^ H 2 + n nm nm
(19)
(20)
where E^ is the energy of the spin states in the absence
. ( 1 )of a magnetic field, EjV is the energy associated withnm
( 2 )the first order Zeeman effect and E is the second ordernm
Zeeman effect energy.
The second order Zeeman effect may be regarded as a 
distortion of the electron distribution of the ground state 
by the applied field. The second order Zeeman effect 
lowers the energy of the first order Zeeman split sublevels 
of the ground state by an amount proportional to the square 
of the field strength. Although the energetic centre of
13
gravity is not maintained within a state, it is maintained 
overall by the corresponding energy increases of higher 
lying states* The second order Zeeman term is usually small 
in comparison to the first order term.
Temperature Independent Paramagnetism
The result of the second order Zeeman effect is 
equivalent to "mixing” into the ground state some of the 
character of a higher state. If the higher lying state 
is much higher than the ground state (AE»kT) there is a 
small contribution to the susceptibility which is 
independent of temperature. The molar susceptibility is then
S1Ven by X  = N£  ( E^ ) 2 /k T  exp ( - En/k T  )  +
£  gn exp (-E°/kT )
Noc (21)
where Noc is the temperature independent paramagnetism
FIGURE 2
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LIGAND FIELDS
Thus fart discussion has been limited to the case of 
the free ion. In complexes however, the metal ion is 
surrounded by ligands and experiences the electrostatic 
field set up by them.
In considering the first transition series elements 
it is the five 3d orbitals which are of interest. The 
effect of the ligand field is to remove the degeneracy of the 
d orbitals. Orbital splitting for ligand fields of varying 
geometry are shown in Figure 2.
The combined effect of spin-orbit coupling and the 
electrostatic ligand field is to remove the degeneracy of 
the terms. The number and type of splittings of a specific 
term is the same irrespective of the number of d electrons.
The scheme for the respective term splittings according to 
the Mulliken convention is shown in Table If where A represents 
a singlet, E a doublet and T a triplet state.
Term splittings as a function of the energy and
symmetry of the ligand field, are graphically represented
5by Orgel diagrams. The Orgel diagram for a d ion 
2+ 3+(Mn , Fe ) in a cubic ligand field is shown in Figure 3.
TABLE I
TERM STATES
S K1
P T„1
D E +
F A2 + T1 + T2
G A. + E + T„ + T0 1 1 2
H E + T. + T„ + T~ 1 1 2
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FIGURE 3
Orgel diagram for a d5 ion in a field of cubic symmetry.
E
N
E
R
G
Y
 
(104
C
m
7
18
SPIN STATES OF IRQN(111)
High-Spin and Low-Spin Complexes
C
I r o n ( m )  has the 3a electronic configuration* 
Depending upon the magnitude of the energy separation 
between the e^ and t^ orbital subsets relative to the spin 
pairing energy, i r o n ( m )  complexes may exhibit high-spin or 
low-spin behaviour in an octahedral ligand field.
Where the energy separation of the orbital subsets is 
less than the mean pairing energy, high-spin complexes result. 
When the energy separation between the orbital subsets is 
greater than the mean pairing energy, the electrons pair up 
to give low-spin complexes. High-spin behaviour is exemplified 
by [FeF^]^ and low-spin behaviour by ¡Fe(CN)^J^ 0 Since the 
symmetry of the ligand field is the same in both complexes the 
difference in their magnetic behaviour must arise from the 
relative strength of the ligand fields.
It can be seen from Figure 3 that the dr configuration
of i r o n ( m )  gives rise to the ground term (S = |) in
a weak or medium cubic field resulting in a temperature
independent magnetic moment of about 3*9 B.M. In strong cubic
2 1ligand fields the term (S = g) becomes the ground term 
characterised by a temperature dependent magnetic moment of
19
about 2.3 B.M., the moment decreasing with temperature.
For the A^ ground term there is no higher lying 
state of equivalent multiplicity with which "mixing" can
occur and consequently no second order Zeeman effect to the
. pmagnetic moment. On the other hand, when the T^ term lies
lowest "mixing" can occur and the second order Zeeman effect
will contribute to the magnetic moment making the moment
temperature dependent.
It can be seen from the Orgel diagram in Figure 3 that
6 2when the ligand field strength is near the crossover,
the difference in energy of the high-spin and low-spin 
configurations is comparable to the thermal energy, kT. Under 
these conditions there exists the possibility of a temperature 
dependent equilibrium between the high-spin and low-spin forms.
Consideration of Orgel diagrams for other electronic 
configurations in cubic ligand fields show that the crossover 
phenomenon appears to be possible for the following ions
d4 : Cr2+, Mn3+ 5e --g 3 t 1g
d5 « 2+: Mn , Fe3+ \  _  1g 2t2g
d6 : Fe2+, Co3+ 5e --g \ 1g
d7 : Co2+ --1g 2e g
20
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5Energy levels of the d' configuration in the crossover region, 
(not to scale) (Ref 11)
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The first example of this behaviour was reported in a
series of tris (N,N dialkyldithiocarbamato) iron(l1 1) complexes
5-9by Cambi and as workers*^ who found that the magnetic moments 
of the compounds varied between the limiting values of 2*3 and 
3*9 B*M* over a temperature range* Cambi's work has been 
extended and the existence of a spin-free spin-paired equilibrium 
confirmed by theoretical treatment of the crossover phenomenon^-15^
The effective magnetic moment has been calculated by applying
the Van Vleck equation to the system of energy levels shown in
Figure k . The effect of spin-orbit coupling is taken into
account since it imposes a marked temperature dependence on the 
. . 5magnetic moment of low-spin d complexes* The magnetic moment is 
given by
2 _ 0 *75g^ + 105 exp£- 1(1 + E / J ) x J +  8x~n - e x p ( - |x ) J-1
r - 1 + 2  exp (-|x) + 3 exp 1(1 + E/^)xj (2 2 )
where g is the gyromagnetic ratioy E the separation between the 
zero point levels of the two states, ^ the one-electron spin­
orbit coupling constant and x = J/kT. The observed magnetic 
moments for the tris-(dithiocarbamato) iron(H1) complexes are 
in good agreement with the theoretical values derived in this 
manner*
Iron(l11) tris-xanthates, tris-thioxanthates and 
tris-monothio*^3-diketones have also been reported to exhibit
22
this phenomenon^*^6-18^ Compared with the dithiocarbamates 
the low-spin form predominates for the series of xanthates and 
thioxanthates.
Intermediate-Spin Complexes
A series of iron(111) complexes has been reported where 
the magnetic behaviour can only be interpreted in terms of
•zthree unpaired electrons* This intermediate-spin state (S =
has been shown to occur in a series of complexes of the general
formula jFeiS^CNR^^XiJ where H is an alkyl group and X a halogen 
19-21or thiocyanate .
In a cubic ligand field a state of intermediate-spin
3 22 S = cannot become the ground state , consequently
intermediate-spin complexes are only expected with asymmetric
ligand fields. The first reported complex of the series
jFe(S2CN(C2H^)2)2 ClJ has shown to be a five-coordinate
square pyramidal monomer with a temperature independent magnetic
19moment of 3*9 B.M. .
The magnetic behaviour may be readily explained if it
iiis assumed that the T^ state lies lowest. The effect of the
k .square pyramidal ligand field is to split the T^ state into an
k korbital singlet ( Â ) and a doublet ( E). The orbital singlet 
then becomes the ground state, and since it is not orbitally 
degenerate, the expected magnetic moment is the spin-only
moment r r..
(S + 1) = 715 * 3.87 B.M.
r
23
The observed value of 3« 9 B.M. is therefore in good agreement 
with the expected value for three unpaired electrons with no 
orbital contribution*
2k
INTERACTING PARAMAGNETIC IONS
Cooperative magnetic behaviour occurs in magnetically 
concentrated compounds where interaction between the magnetic 
dipoles of two or more adjacent paramagnetic centres takes 
place. The coupling interaction may be represented by the 
expression
A E  = 2J(S. S .) (23)t)
where J is the exchange coupling constant or exchange integral.
When J is positive the spins are aligned parallel and ferromagnetic 
behaviour is observed. When J is negative the spins are aligned 
antiparallel and antiferromagnetic behaviour results.
The variation of magnetic resceptibility with temperature
for typical paramagnetic, ferromagnetic and antiferromagnetic
materials is illustrated in Figure 5. Both ferromagnets and
antiferromagnets have a temperature variously called the Curie
temperature T , or Neel temperature T , below which spin ordering r c n
occurs. Above the Curie temperature the thermal energy destroys 
the alignment of the electron spins restoring Curie-Weiss law 
behaviour.
Ferromagnetism
Ferromagnetic materials are characterised by large positive 
field strength dependent magnetic susceptibilities. Below the 
Curie temperature the susceptibility increases with decreasing
25
FIGURE 5
T E MR
Susceptibility and reciprocal susceptibility variation with 
temperature for (A) Paramagnetic, (B) Ferromagnetic and 
(C) Antiferromagnetic materials.
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temperature. Many ferromagnetic materials have no magnetisation 
in the absence of an applied field.
Ferromagnetism occurs in the first transition elements, 
iron, cobalt, and nickel and in the rare earth elements. 
Ferromagnetic coordination complexes of iron2^, nickel2"̂ 2^ and 
copper29-51 have been reported.
Antiferromagnetism
Antiferromagnetic materials are characterised by small 
negative field strength independent magnetic susceptibilities.
Below the Curie temperature the susceptibility decreases with 
decreasing temperature. Antiferromagnetism may be either 
intermolecular or intramolecular.
Intermolecular anti ferromagnetism occurs where the exchange 
interactions extend throughout the crystal. This behaviour is 
shown by the oxides of the divalent first transition series metal 
ions^2, the iron (11) halides^"^ and by the compound KFeF
Intramolecular antiferromagnetism occurs where the exchange 
interactions are confined within the same molecule.
Ilq • *Kramers explained antiferromagnetic interaction m  terms
of superexchange. The superexchange mechanism utilizes intervening 
diamagnetic atoms or groups of atoms to achieve the antiparallel 
spin alignment. The superexchange mechanism applied to FeO may be 
represented
27
Here the metal d orbital containing the unpaired electron 
overlaps an orbital of the oxygen atom and an electron of 
opposite spin moves so as to partially occupy the d orbital.
The remaining 7t electron moves to the d orbital of the second 
metal ion. The d electron of the second metal ion must oppose 
the spin of the entering TT electron and is therefore in an 
antiparallel state to the d electron of the first metal ion.
The theory of superexchange related to oxides of iron(111)
41has been further refined by Gilleo . Empirical relations between
the Fe-O-Fe bond angle and the asymptotic Curie temperature have
42been derived by Motida and Miyahara .
Direct metal to metal exchange without intervening atoms 
is also possible. The most documented example of this type 
is direct copper to copper exchange via the proposed 8 bond 
in dimeric copper acetate monohydrate.
28
ANTIFERROMAGNETISM IN POLYNUCLEAR IRQN(111) COMPLEXES
Polynuclear transition metal complexes often display 
magnetic properties which arise from spin coupling interactions 
between the metal ions. The number of interacting metal ions 
may be indicated by the manner in which the magnetic susceptibility 
varies with temperature. Dimeric, trimeric, tetrameric and infinite 
chain complexes of i r o n ( m )  have been reported and their observed 
magnetic behaviour compared with that from theoretical considerations.
Dimers
The general approach for the derivation of the theoretical
expressions for the magnetic behaviour of two or more interacting
43 .metal ions is that developed by Kambe • In the case of dimeric 
complexes the antiferromagnetic interaction between the two metal 
ions is given by the exchange integral -J and the Hamiltonian 
for the system is
H = -2J(S .S2) (24)
where and S_ are the spin vectors of the two metal ions.1 2
The variation of susceptibility with temperature may then be 
obtained by applying the Van Vleck equation to the system of 
energy levels generated by the Hamiltonian. Using this approach 
the theoretical expressions for binuclear complexes have been
29
LlIl 1reported by Earnshaw and Lewis for the spin states S^=S2=gt 
and S.=S.=IW l 2 2
Earnshaw and Lewis used these expressions to explain the 
observed magnetic behaviour of a number of complexes including 
the high-spin (S=|) iron(l11) complexes jPyHj^ jci^FeClFeCl^f 
/QHL jci^FeCl^FeCljJ and | P y D £ l  FeCl FeCl ] where Py is 
pyridine and Q is quinoline* The observed magnetic behaviour 
over the temperature range 90 - 300°K have been fitted with the 
theoretical expressions to give the parameters listed in Table II
TABLE II
COMPLEX H-eff 20°C 
J (B.M.)
g J(cm. ')
[pyH]̂  /c^FeClFeClJ 5.57 1.92 -1.5
£ h ]4 [cikFeCl2FeClkJ 5.77 1.99 -1.6
(pyH]3/ci3FeCl3FeClJ 6.00 2.09 -1.7
One of the most extensively studied dimeric iron(Hl)
complexes is the phenanthroline complex obtained on adding
phenanthroline to iron(11l) chloride solutions* Difficulty is
experienced in obtaining analytically reproducible compounds, and
room temperature moments within the range 1.4 to 2*4 B*M. have
45-49been reported by different workers •
30
¿fif Zf7 50—52The complex has also been studied over a temperature range * * 9
and the variation of susceptibility fitted to theoretical values 
for both low-spin and high-spin dimeric i r o n ( m )  complexes to 
give the parameters listed in Table III
TABLE III
REFERENCE SPIN g j -(cm.1)
N«C
(X10 c.g.s)
44,50 1 12 1.97 -139 628
**7 1 1 2* 2 2*22 -159 360
51 1 1 2» 2 2.40 -160 278
51 1 1 2* 2 2.00 -160 825
51 1 1 2’ 5 1.97 -140 625
51 1 1 2 ’ 2 2.22 -171 360
52 5 5 2 ’ 2 2.00 -100 0
Monomeric iron(l1l) phenanthroline complexes are also
k n o w n ^ ~ ^ 9 and contamination of the dimeric complex with
51monomeric complexes has been proposed to account for the 
varying analyses and magnetic behaviour*
A series of dimeric iron(111) complexes formed with 
Schiff-bases have also been extensively studied"^ X-ray
31
FIGURE 6
I Structure of ^FeCsalenjj ̂ O.CH^Cl^* (Ref 5$)
II
III Structure of jFe(sal)(3-hydroxypropyl)ClJ^ (Ref 66)
32
crystallographic studies have established three different 
dimeric structures in this series of complexes as shown in 
Figure 6. Complexes of structural type I dimerise through 
a single oxygen bridge. Typical of this group is the complex 
/t -oxo-bis ethylenebis (salicylideneiminato) iron(m)J 
dichloromethane. Dimerisation in type II complexes is 
achieved when the phenolic oxygen of the ligand bridges two 
i r o n ( m )  ions. Typical of this group is the complex 
bis JnN^ ethylenebis (salicylideneiminato) i r o n ( m )  chloridej.
Type III dimers are formed when the hydroxyl oxygen in the 
parent imine bridges the two iron(l11) ions.
The magnetic susceptibility of many of these complexes 
has been measured over a temperature range. Parameters for 
complexes of known or reasonably well established structure 
are collected in Table IV.
The i r o n ( m )  ions in the type I dimers are five-coordinate
with an asymmetric square pyramidal ligand field. Variation of
the susceptibility with temperature of this group may be equally
well interpreted if the iron(l11) ion is assumed to have
intermediate-spin (S=|) . For S = | the same values for the
parameters gf J and Noc = 0 are found to fit as when the iron(l11)
is assumed to be high-spin (S=^)# The reason for this ambiguity
is that in the case of high-spin complexes with values of J in
-1the region of -100cm. , contributions to the susceptibility from 
. 1 . .states with S >3 are negligible over the temperature range studied.
TABLE IV
COMPLEX SPIN b ^ e f î .  
Room Temp. 
(B.M.)
g
( cms. )
REF.
Type I
^Fe(salen)] 5 5 5 ’ 2 1.87 2.00 -95 5^
[Fe(saXen)] -O.CH.Cl- 5 5 
2 ’  2 1.99 2.00 -87 5*f
^Fe(5-chlorosalen)J ̂ 0 5 5 2* 2 1.95
00•OJ -90 5^
[^Fe(5-bromosalen)J ̂ 0 5 5 2» 2 1.90 2.00 -90 5^
Type II
|̂ Fe ( salen ) ClJ ̂ 5 A 1 2.06 -8.0 53
^Fe(salen)BrJ ̂ 5.36 2.05 -7.5 53
[Fe(salen) (CgH CHCOO)] 2 5.30 2.00 -6.5 63
pFe ( salen ) (ClCHgCOO)^ 2 5.39 2.00 -6.0 63
Type III
[^Fe(sal) (3-hydroxypropyl)ClJ 2 5 5 2» 2 ^.5 2.00 -17.0 66
*where salen = NfN - ethylenebis (salicylideneiminato), sal = N -■ salicylaldiminerAK\
3k
The asymmetry of the ligand field removes the degeneracy of the 
1+ uT^^ term to give an orbital singlet and doublet. If the ground 
state corresponds to the orbital singlet and has appreciable 
separation from the other termsf then the observed values of 
g and Nocare possible.
The exchange in the type I dimers is strong 
*•1 —1(J= -80cm. to -100cm. ) whereas in the type II dimers the 
exchange is relatively weak (J= -5cm. to -8cm. ). In both 
types exchange is independent of the substituents on the 
Schiff-base ligand and the difference must arise from the 
nature of the Fe-O-Fe bridging.
5kIt has been suggested that in the type I dimers
exchange via 7y electron clouds is favoured since the
observed Fe-O-Fe angles (^1^5°) would allow overlap of the
two p^. orbitals with the metal d . or d orbitals. In thexz yz
type II dimers however the observed Fe-O-Fe bond angle 
approximates 105° and only one of the oxygen p ^  orbitals can 
overlap with a metal orbital resulting in weaker exchange 
interaction. Extended to the type III dimers which have 
intermediate Fe-O-Fe bond angles this hypothesis predicts 
greater exchange integrals than in the type II complexes. The 
experimentally determined exchange integral agrees with this 
prediction (see Table IV) and it therefore appears that the 
extent of spin-spin exchange may be related directly to the
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availability of Tr orbitals on the bridging oxygen
The majority of the reported binuclear iron(11l) complexes 
are bridged by a single oxo group. Apart from the Schiff-base
complexes discussed above, reported complexes include those
. 1 1 11 with complexones, 2,2 bipyridine, 2,2 ,2 terpyridine,
porphyrins and a series of seven-coordinate (pentagonal
bipyramidal) complexes.
I r o n ( m )  complexes of ethylenediaminetetraacetic acid
(EDTA), N- hydroxyethylethylenediaminetriacetic acid (HEDTA) and
cyclohexanediaminetetraacetic acid (CDTA) have been shown to form
68 72both monomers and dimers in solution • Several crystalline
complexes have been isolated including Na^ ^(FeEDTA^O^. 12^ 0,
j*(FeEDTA)2oJ.8H20 and jenH^J £ (FeHEDTAj^oJ .éïï̂ O with moments
at 25°C in the range 2.8 - 3*0 The complex with HEDTA
69is an oxo bridged dimer . Experimental magnetic susceptibility
values for this complex in the range 1.6 - 230°K fit the
1 —1theoretical dimer expression with g=2*0, J=-86cm. and
N =075.
Several oxo bridged complexes with 2,2 bipyridine (bipy) 
and 2,21 ,211 terpyridine (terpy) have been reported^*^2 * ^ 1̂ .
The variation of magnetic susceptibility with temperature of three 
of these high-spin complexes fit the theoretical dimer expression 
with the parameters listed in Table V.
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TABLE! V
COMPLEX 8
(cm71)
REF
[Fe^bipy)40]Cl2(CIO^)2.7H20 2.00 -105 52
[Fe^bipy^o] (S0if)2.3.5H20 2.00 -105 7^
[Fe(terpy)20] (NO^.HgO 2.00 -105 7^
Magnetochemical studies of biological systems have
¿TO 7C..7Qindicated the binuclear nature of haemins and haematins 
The high-spin complex j a- oxo - bis (protoporphyrin IX 
dimethylester iron(m)) has been studied over the temperature 
range 1.5 - 293 K . The variation of susceptibility with 
temperature follows the theoretical dimer expression with 
J = -132cm71.
A series of seven-coordinate (pentagonal bipyramidal)
complexes involving the pentadentate macrocyclic ligand
2,13 dimethyl - 3,6,9*12,18 - pentaazabicyclo p!2*3*1 J
-octadeca - 1 (l8)2f 12, 14,16 - pentaene has been reported^.
Preliminary results of the crystal structure of one of these
complexes, J(Fe(B) (Ĥ 0))20 J (C I O w h e r e  B is the macrocyclic
ligand, shows the complex to be a dimer with a linear Fe-O-Fe
82bridge0 • The complex has a room temperature moment of
83 81 841.86 B.M. . Variable temperature studies 9 report the
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variation of susceptibility with temperature but make no 
attempt to interpret the results in terms of the spin-spin 
coupling model as the spin state of the seven-coordinate 
i r o n ( m )  ion is uncertain.
Complexes in which the two i r o n ( m )  ions are linked by two
hydroxyl or two alkoxide bridges have also been reported. The
complex |Ve OH (picolinate)^^ prepared from aqueous solution
73by Schugar et al. has a room temperature moment of B.M.
The variation of susceptibility with temperature of the high­
spin complex fits the dimer expression with g = 2.0 and 
J = -8cm7^.
A series of alkoxy bridged dimers of empirical formula
*  O n
|Fe OR has been recently reported ^ where L = dipivaloylmethane 
(DPM)f acetylacetone (acac) and picolinic-N-oxide (NpicO). Room 
temperature moments fall in the range *f.9 - 3*2 B.M. The variation 
of susceptibility with temperature of the high-spin complexes 
follows the dimer expression for two interacting iro n ( m )  ions 
with the parameters given in Table VI.
Trimers
There are three possible arrangements of the metal ions 
in a trimeric complex. The ions may be arranged linearly, at 
the apices of an equilateral triangle or at the apices of an 
isosceles triangle.
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TABLE VI
COMPLEX H-eff 
Room Temp. 
(B.M.)
g
(cm71)
[Fe OCH (DPM)2] 3.09 2.0 -8.5
[Fe OCH (Npic0)2] 5.1^ 2.0 -8.5
[Fe (OC2H H D P M ) ^ 3.02 2.0 -11.0
[Fe (0C2H )(acac)2] k.9k 2.0 -11.0
[Fe (nOC H )(DPM)2] - 2.0 -10.0
[Fe (iOC H )(DPM)2] 3.09 2.0 -11.0
The theoretical expressions for the variation of
susceptibility with temperature for three interacting metal ions
Zf3was derived independently by Kambe and by the French chemists
86Abragam* Horowitz and Yvon to explain the observed magnetic 
behaviour of some i r o n ( m )  and chromium(111) carboxylate complexes 
initially studied by Welo^ and Wucher et a l . ^ 1̂  respectively.
Kambe explained the large negative values of obtained 
by Welo in terms of the exchange interaction between the iron 
or chromium ions in the molecule assuming a negative 
(i.e. antiferromagnetic) exchange integral. Assuming isotropic 
interaction between the ions9 the spin Hamiltonian for the 
trimeric system is
H = -2J(S1S2 + S2S^ H-rfS^) (25)
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where are the spin vectors for the respective metal ions
and oc is a proportionality factor# In an equilateral triangle 
°< = 1 whilst for a linear chain oc = 0.
For the isosceles triangular arrangement o< may be greater 
or less than unity depending upon whether the apexial angle is 
smaller or larger than 60° respectively. Two exchange integrals 
are needed to describe the magnetic behaviour, accordingly the 
Hamiltonian is written
H = -2Jq (S.^ + S2S ) - 2^(5 ^ )  (26)
in the Kambe convention. The Hamiltonian used by the French 
chemists has the form
H = JQ + S2S3) +(Jo + J ^ ( S ^ )  (27)
Caution must be exercised in comparing the values reported using
the respective conventions since they do not give the same
numerical values for J and J.. A complex having J =-5cm.o i o
-1 -1 and J =-3cm. in the Kambe convention, will have J =10cm.*1 o_ 'iand J^-Jfcm. according to the French convention.
Similarly the Hamiltonian for the equilateral triangular 
arrangement has the form
H = -2J(S.S. + S.S,. + S,S.) (28)1 à ¿ 5  3 »
in the Kambe convention and
H = J(S1S2 + S2S + S S1) (29)
¿+0
FIGURE 7
o
Structure of trivalent metal acetates 
[m 0(CH C00)6(H20) y
in the French convention. For this arrangement a complex 
which has J=-5cm. in the Kambe convention will have J=+10cm. 
according to the French convention. The Kambe convention has the 
advantage that antiferromagnetic exchange is always designated 
by negative exchange integrals, and being more convenient is 
generally accepted. In the following discussion results will 
be given as reported in the literature.
The best known examples of trinuclear molecules are the
basic carboxylates of iron(l1l) and chromium(l11)• These have
been formulated as |M^(carboxylate)^(0H)2J+ however the
structure of the respective acetate complexes has been shown by
90-92X-ray crystallography to be that illustrated in Figure 7 •
It therefore seems likely that most of these compounds should 
be formulated similarly as ^M^(carboxylate)^oJ+.
The first trimeric complex containing iron(l11) to be 
discussed in terms of the spin-spin coupling model was the 
mixed acetate complex jcr^FeiCH^COO^iOEO^ J Cl.éH^O. Originally
93reported by Welo the complex was reinvestigated by Gijsman et al. 
over the temperature range 1.4 - 290°K. Assuming high-spin 
behaviour for both the chromium(l11) and iron(l11) ions, the 
observed magnetic behaviour has been fitted to the equilateral 
model (French convention) with an exchange integral of 40k (27.8cm. ).
Earnshaw et al. have reported the magnetic properties of 
a series of trimeric iron and chromium carboxylates over the
temperature range 8o - 300°K. The variation of susceptibility 
of the high-spin complexes fits the expression based on the 
equilateral model (Kambe convention). The reported parameters 
are listed in Table VII.
TABLE VII
COMPLEX jU effRoom Temp. 
(B.M.)
(cm71)
[Fe3 (CH C00)6(0H)2] C l . ^ O 3.22 -30.3
[Fe,(C1CH2C00)é(OH)2 JciO^.4H20 3.3^ -26.9
[f«3(CgH COO)6(OH)2]CIO^.3H20 3.28 -28.0
|je3(CgH COO)g(OH)2J CgH COO 3.17 -31.3
[Fe3(CCl^COO)5(OH)J  CCl^COO.7H20 3.18 -31.5
TFe^ ( Cg^COO ) 5 ( OH ) 3! Cg^COO . H20 3.16 -33.3
[Fe3(C6H5COO)6](C6H5CO0)3.3H2O 3.kh -23.5
[Fe3(CH COO)6 (0H)2] C1.8H20 - -31.3
A further series of basic iron(l11) carboxylates has been
95 ostudied by Duncan et al. ^ over the temperature range 80 - 370°K.
The observed behaviour of the high-spin complexes has been fitted
to the theoretical expression for the isosceles model (French
convention). Room temperature moments and the parameters Jq and
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J,, are listed in Table VIII.
TABLE VIII
COMPLEX )eff.
Room Temp.
Jq
(cm71) (cm.1)
[Fe^CHCOO) (OH)^ OH.2HCOOH 3.33 61.0 -1^.0
[Fe3(CH3COO)6(OH)2] NO .5H20 3.23 6^.0 -12.0
[Fe3(C2H5C00)6(0H)2] NO .2H20 3.31 62.0 -1^.0
[Fe^(C1CH2C00)g(0H>2j NO .4H20 3.^5 5^.0 -10.0
[Fe3(CCl3COO)6(OH)2 ] no .3H20 3.33 58.5 -10.0
The variation of susceptibility with temperature of the
high-spin iron(111) n-alkoxides Fe_(OCH_)of Fe-COC.EL). and
j  d 9 3 ¿ 3 9
Fe_(0C.Ho)_ fits the expression for the equilateral triangular
_-,96
arrangement of iron(H1) ions (Kambe convention) with J = -10cm. .
Room temperature moments fall in the range k.k - *f.3 B.M.
The room temperature moment of the methoxide complex
Fe(0CH^)oCl is reported to be 3*67 B.M.^. Variation of
susceptibility with temperature over the range 90 - 300°K has
been interpreted in terms of the isosceles model (Kambe convention).
5 -1The reported parameters are g=2.0, J =-26k(-l8.1cm. ) and
J =-40k(-27.8cra71).
A series of hydroxy bridged iron(l1l) sulphate complexes 
has been reported by Cattrall et al.^. Variation of 
susceptibility of the high-spin complexes containing the 3*3*5 
trimethylhexylammonium, C^H^^NH^+f and n-dodecylammonium, 
^12^23^3+f cations over the temperature range 80 - 300°K has 
been interpreted in terms of both the equilateral and isosceles 
models (Kambe convention). Reported parameters are given in 
Table IX, however the authors neglect to define the units of 
the exchange integrals.
Tetramers
Few tetrameric complexes are reported in (the literature, 
and of these only four are iron(l1l) complexes. Tetrameric 
complexes have been reported in which the metal ions are 
arranged in a chain, at the corners of a tetrahedron or at 
the corners of a rhombus.
The Kambe approach has been applied to each of these 
systems. The scheme of exchange integrals for the three 
tetrameric configurations is shown in Figure 8. Oniy— oire 
exchange integral^is- required to describe the exchange m  the 
linear and^tetrahedral models. Three exchange integrals are 
required to describe the magnetic behaviour of four coplanar
metal ions.
k5
FIGURE 8
N4- M-
%
a) Linear Chain.
b) At corners of tetrahedron.
c) At corners of rhombus.
k 6
Cobalt acetylacetonate has been shown by X-ray
• 99crystallography to have the four cobalt ions colinear . The 
magnetic behaviour of the complex has been explained in terms 
of competing independent ferromagnetic and antiferromagnetic 
spin couplings'^ • Antiferromagnetic behaviour becomes dominant 
below about 73°K.
TABLE IX
COMPLEX feff.295°K 
(B.M.)
S EQUILAT.TRIANGLE
ISOS.
TRIANGLE
J Jo
( CgH19NH3 ) 2FeOH( SO^ )2 . C ^ O H . 3.62 2.0 -21 -21 -27
(CgH1gNH3)2FeOH(SO^)2.H20 3.37 o•CM -30
(C12H25NH3> 2Fe0H( S(V  2 * C2H5OH* H2° 3.82 2.0 -18 -17 -23
(Cn2H2cNH )2FeOH(SO^)2.H20 3.67 2.0 -23
( C12H2 5NH3 ̂ 2Fe0H ( S<V  2 * C2H5OH 3.91 2.0 -18 -17 -21
^7
Complexes in which the four metal ions are known or are 
proposed to lie at the corners of a tetrahedron, include complexes 
of nickel, copper and iron. Reported parameters for complexes 
which have been studied over a temperature range are listed in 
Table X. It is interesting to note that with the exception of 
the iron complexes, the compounds are all weakly ferromagnetic 
over the temperature range studied.
Several complexes in which the metal ions are proposed to
lie at the corners of a rhombus have been reported. Pfeiffer's
cation Jcr^(OH)g(en)^where en = ethylenediamine, has been
102shown by X-ray crystallography to be of this type (see
Figure 9)« The variation of magnetic susceptibility of the
high-spin complex with Pfeiffer's cation |cr^(0H)^(en)^ ] (V 6 * 4H2°
in the range *f.2 - 300°K is consistent with the behaviour expected
103for four interacting metal ions in a plane . Reported 
parameters for the compound are g=2.00, J^=10.3k(-7*3 cm. ),
cm!1) and J_=0.•D O
Kakos and Winter have reported the variation of susceptibility
of several tetrameric halo alkoxide complexes over the range 
o 97 10̂ f90 - 300 K 9 . The variation of susceptibility with temperature
follows the expressions for four interacting metal ions in a plane. 
Accordingly the basic structure shown in Figure 10 has been 
proposed.
TABLE X
COMPLEX
B o o m  T e m p  
( B . M . )
S
J - i(cm. )
REF.
Ni(OCH,)Cl3 3.3 2.22 2.78 26
Ni(OCH,)Cl.CH,OH3 3 3.9 2.23 8.34 26
Ni(OCH,)Cl.2CH,0H P 3 3.6 2.25 11.12 26
Ni(OCH,)Br.2(CH,),C0 3 3 2 3.3 2.13 4.17 26
Ni(OCH,)(sal)CH_OH3 3 3.7 2.21 4.03 2k
Ni(0CH,)(sal)CoH,0H 3 2 5 3.8 2.17 6.88 2k
Ni(OCH,)(ac ac)CH,OH 3 3 3.3 2.14 5.56 26,27
CUifOCl6(OP(Ph) ) k 2.2 - - 100
Cu^OBr^Py^ 1.90 - - 101
F e ^ ( O C H j ) g C l _ Jf.16 2.0 -10.42 97
Feif(OCH3)9Br3 Jf.28 2.0 -9.38 97
where sal = salicaldehyde, acac = acetylacetonate, Ph = benzene 
and Py = pyridine.
FIGURE 9
FIGURE 10
CH OH
M
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CH OH
Proposed structure for the complexes Fe(OCH,)/-X,.ifCH„OH and4 . 3 6 6  3
V(OCH ) .CH OH (Refs 91,10*0
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The reported parameters for the complexes are listed in Table XI#
TABLE XI
COMPLEX
Boom Temp. 
(B.M.)
g
Ja-1 (cm. ) (cm. )
JC_1 
(cm. )
Fe^Clg(OCHj)g.4CH OH 2.00 -9.03 -7.64 -0.69
Fe^Brg (OCH^ ) g . ifCH^OH 4.80 2.00 -7.64 -3.47 -0.00
VC1(OCH^),.CH,0H 2.46 2.00 -19.46 -1.39 -0.00
101 .Sinn has pointed out that, except where the structure is
unambiguous, exchange interation in a discrete tetramer of 
paramagnetic ions cannot be accurately described by the extended 
Kambe approach. As the number of paramagnetic ions increases 
and the and the spacial arrangement of these ions becomes more 
complex the number of exchange integrals increases. This 
overparametisation leads to ambiguities in interpretation of 
experimental susceptibility versus temperature curves.
An example where the observed magnetic behaviour can be 
interpreted by assuming different values of n, the number of 
interacting ions, is the complex VCl^iOCH^).2CH^0H. The 
variation of susceptibility with temperature can be fitted to 
models assuming equal interaction between three or four vanadium 
ions^^. Over the temperature range 90 - 300°K the observed
behaviour can be fitted to three interacting vanadium ions 
with g=1.92 and J=-1*f°K(-9.73cm7^)* and to four interacting 
vanadium ions with g=1.92 and J=-10 K(-6.95cm7 ).
An example of ambiguous interpretation where the variation
of magnetic susceptibility with temperature can be described by
more than one set of exchange integrals is given by the complex
CrClo(0CH_).CH_OH^^. The structure proposed on the basis of ^ j 3
magnetic measurements involves four coplanar chromium ions. Two 
combinations of exchange integrals have been found to fit the 
experimental data over the temperature range 90 - 300°K.
JA JB JC
-6°K(-*f.17cm71) -1°K(-0.69cm71) 0
, -5°K(-3.V7cm71) -5°K(-3.V?cm71) -10K(-O.69cm71)
These ambiguities can often be resolved by extending 
measurements to liquid helium temperatures together with other 
physical properties e.g. infrared* ultraviolet and visible 
spectra.
Higher Polymers
A theoretical expression for the temperature variation of 
the magnetic susceptibility of linear polymers has also been 
derived using the spin-spin coupling model. The Hamiltonian 
for the system is given by
H = -2J(S.S.)i 3 (3 0 )
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where S. and S. are the spin vectors for the ith and jth ions*•L J
When each metal ion is considered to interact with nearest 
neighbour ions only, i.e. neglecting long range spin ordering, 
the energy levels under this Hamiltonian are given by
E„1 = —  S1(S1 +1) (31)o n 1where n is the number of members in the linear chain and S
is the quantum number specifying the total spin of the system.
Theoretical susceptibility and moment values for higher polymers
106 94have been presented graphically and in tabular form for
5linear chains up to ten members and for spin states up to S=^.
The magnetic behaviour of complexes containing an infinite chain
107of metal ions can be explained in terms of either the Heisenberg 
or Ising^^ models.
An example of exchange along an infinite linear chain of 
i r o n ( m )  ions is given by the high-spin complex Fe(0H)S0if, 
which has a room temperature magnetic moment of 3*61 B.M. The 
crystal structure^^ indicates the presence of infinite chains of 
octahedrally coordinated iron(Hl) ions linked by single hydroxy
. „ 98bridges with a large distance between chains. A recent study
has shown that the variation of susceptibility with temperature
_ ->1
can be fitted to the Heisenberg model with g=2#0 and J=-l8cm. .
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D I S C U S S I O N
The present series of complexes has the general formula 
jFeiOCH^^IiJ where L is monocarboxylate.
Preparation and Properties
Complexes of the type were first prepared by Hofmann and 
110Bugge who prepared the formate and acetate complexes by 
reacting iron with formic and acetic acids in methanol followed 
by aerial oxidation according to the reaction
4Fe(RC00)2 + 8CH3OH + C>2 CH QH» 4 jVeCOCĤRCOO j + 4RC00H + H20 (I)
111Weinland and Holtmeier prepared the acetate complex by 
treatment of basic i r o n ( m )  acetate with excess methanol
Fe30(CH3C00)6(H20)3 CH^OO + GCE^E ^ ►
3 JVe(OCĤ)2CĤCOoJ
The acetate complex was also prepared by Hardt and Moller 
directly from iron(H) acetate according to reaction (I).
+ *fCH 00H + kE-0 (II)?
112
Starke"*^ has prepared the dimethoxy formate and acetates 
according to the reactions
Fe(HCOO), + 2CH,0H - ^ A ^ f F e i O C H ^ C I ^ C O o J  + 2HC00HCH,0HJ
(III)
Fe(DMS0)6 (NO^)^ + 3CH?C00Na Cg qg*"[Pe(OCH^)2CH^COoj
+ 3NaN0, + 6DMS0 5 (IV)
where DMSO is dimethylsulphoxide
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Starke also prepared a series of dimethoxy carboxylates according 
to the reaction
Fe(acac)^ + ¿CH^OH + HI [?e(OCH )gLj + 3acac (V)
3where HL is chloroacetic, pivalic, stearic, adipic and benzoic 
acids*
Attempts to prepare the complexes from the basic iron(11l) 
carboxylates according to reaction (II) resulted in yields 
contaminated with the starting material. Attempts to prepare the 
complexes from ferric acetylacetonate according to reaction (V) 
resulted in extremely poor yields and consequently an alternative 
method was sought.
The present series of complexes has been prepared 
according to the reaction
FeCl + 2CH^0H + HL + 3R2NH CH OH** |je(OCH3^2L] + 3R2NH2+C1~ (VI)3
Piperidine was used throughout as the secondary amine. The 
reaction is carried out at ambient temperature in the presence of 
excess methanol which acts as a solvent for the piperidinium 
chloride formed. The iron complex being insoluble in methanol 
is readily separated by centrifuging.
Previous workers have failed to prepare pure compounds due 
to hydrolysis during preparation or by contamination of the 
product by coprecipitation* The present method of preparation
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overcomes these difficulties and yields pure products.
It is important that the correct stoichiometric amounts 
of reagents are used since in the presence of excess ligand 
formation of the relatively soluble complex ^FeCOCH^I^j 
reduces the yield. When insufficient ligand is used the product 
is contaminated with iron(H1) methoxide formed by the reaction 
3FeCl3 + 9CH3OH + 9E2N H - ^ - ^ F F e 3(OCH )J + gi^NH+Cl“ (VII)
Reaction (VII) provides a convenient alternative for the preparation 
of the various i r o n ( m )  alkoxides, previously prepared by other 
methods .
Owing to their insolubility the present series of 
dimethoxy complexes cannot be recrystallised. The insolubility 
also imposes restrictions on the number of techniques which may 
be used to study them. Thus solution studies including conductivity 
measurements, NMR and molecular weight determinations could not be 
effected.
With the exception of the flesh coloured 9-&uthroate 
complex, the complexes are all yellow powders. All are unstable 
to atmospheric moisture and decompose on heating. Decomposition 
takes place over a range of about twenty degrees, the complexes 
gradually turning dark brown, in most cases without melting.
Decomposition temperatures are listed in Table XII.
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TABLE X I I
Decomposition temperatures of the Fe(0CH_)oL complexes. 
j £
COMPLEX DECOMPOSITION 
POINT °C
Acetate 260
Propionate 280
Butyrate 280
Pentanoate 275
Hexanoate 260
Cylohexanoate 310
Benzoate 315
Phenylacetate 2^5
3-Phenylpropionate 202
Cinnamate 293
4-Phenylbutyrate 225
1-Naphthoate 275
9-Anthroate 330
o-Methylbenzoate 273
o-Methoxybenzoate 302
o-Chlorobenzoate 303
o-Nitrobenzoate 295
m-Methylbenzoate 285
m-Methoxybenzoate 230
m-Chlorobenzoate 295
m-Nitrobenzoate 285
p-Methoxybenzoate 280
3 f5-Dimethylbenzoate 315
3,5-Dimethoxybenzoate 315
3 #3-^ichlorobenzoate 290
3 93-Dinitrobenzoat e 265
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Magnetochemistry
in Table XIII. Molar susceptibilities have been calculated with
. 120 the diamagnetic correction obtained from Pascalfs constants •
All moments fall within the range 4.95 - 0.3B.M., well below the
spin-only value of 5*92 B.M. expected for high-spin iron(11l)
complexes. The anomalously low moments are taken to be indicative
of the presence of antiferromagnetic exchange.
This is substantiated by susceptibility measurements at 
various temperatures in the range 80 - 350°K (Table XIV) which 
do not follow Curie or Curie-Weiss law behaviour. Trial and 
error attempts have been made to fit experimental susceptibility 
values by those calculated from theoretical expressions based on a 
number of simple cluster models. The models used were the
Mi Qif .following: dimer , equilateral triangular trimer f isosceles
07 97 97triangular trimer , tetrahedral tetramer' , planar tetramer
and linear chain^. For high-spin iron(111) complexes of cubic
ligand field symmetry theory requires g = 2.0 and No< = 0. These
values were held constant in the initial curve fitting process, the
only variables being the exchange integrals.
Of all the expressions tried only the expression based on 
four i r o n ( m )  ions in a plane gave good fits. The gradients of 
the curves of best fit obtained in this manner differed slightly 
from the experimental results. For most cases almost perfect fit
Room temperature susceptibilities and moments are listed
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TABLE X I I I
Room temperature magnetic data for the [ Fe(OCH )2l ] complexes.
COMPLEX T
°K
10%
c.g.s.
-106
A 1°6c.g.s. hB.M.
Acetate 292.8 58.87 67.54 10491 4.96
Propionate 294.0 49.49 79.40 9531 4.73Butyrate 295.1 45.82 91.26 9485 4.73Pentanoate 294.0 42.72 103.12 9461 4.72
Hexanoate 295.2 43.01 114.98 IOI39 4.89Cyclohexanoate 291.9 39.14 120.98 9712 4.76
Benzoate 293.3 40.00 104.84 9667 4.76
Phenylacetate 294.4 38.41 116.70 9836 4.81
3-Phenylpropionate 292.2 38.86 128.56 10508 4.95
Cinnamate 292.2 36.88 117.20 9894 4.81
4-Phenylbutyrate 292.9 34.94 140.42 9963 4.83
1-Naphthoate 294.3 31.90 141.32 9364 4.69
9-Anthroate 294.2 28.31 177.80 9778 4.80
o-Methylbenzoate 297.0 45.04 116.70 II5I5 5.23
o-Methoxybenzoate 296.9 41.96 121.31 11411 5.20
o-Chlorobenzoate 297.0 39.39 118.91 10891 5.09
o-Nitrobenzoate 296.9 36.94 119.91 IO23I 4.93
m-Methylbenzoate 295.8 37.93 116.70 9715 4.79
m-Methoxybenzoate 295.5 37.11 121.31 10106 4.89
m-Chlorobenzoate 296.9 36.81 118.91 10185 4.92
m-Nitrobenzoate 295.5 33.31 111.91 9237 4.67
p-Methoxybenzoate 297.1 38.11 121.31 10376 4.96
3,5-Dimethylbenzoate 294.3 39.25 128.56 IO9I2 5.00
3,5-Dimethoxybenzoate 295.2 33.65 137.78 10201 4.91
3 *3-Dichlorobenzoate 296.8 31.73 132.98 9904 4.85
3,5-^initrobenzoate 296.3 30.12 118.98 10028 4.87
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was finally obtained by slightly altering g from 2.0 to 1.98 or 
2.05.
The parameters of best fit are listed in Table XV. The 
values g = 1.90 for the propionate and 1-naphthoate complexes 
result from the increased gradient of the experimental reciprocal 
susceptibility curves (Fig. 11(b) and (1)). Adams et alj19 have 
shown that for the iron(l11) alkoxides the gradient steadily 
increases with increasing hydrolysis. The low g values for the 
propionate and 1-naphthoate in the present series of complexes 
may thus similarly reflect the presence of impurities.
The relative magnitudes of the exchange integrals for four
interacting iron(l11) ions in a plane should follow the order 
97 lO^J^>Jg>J^, . However Flood et al. have found for Pfeiffer's
cation (Figure 9) that J X J D. For the present series of complexes 
the best fit is obtained when J^<Jg = Ĵ ,.
Experimentally determined values of reciprocal susceptibility 
and magnetic moment for the series of dimethoxy complexes in the 
range 80 - 350°K are plotted in Figure 11. Solid lines represent 
the theoretical tetramer curves for the parameters listed in 
Table XV.
On the basis of the fact that only the tetramer equation 
agrees with the experimental susceptibilities, the dimethoxy 
complexes appear to be tetramers.
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TABLE XIV
TEMP = Temperature (°K), CHI = Atomic susceptibility (X10 ^c.g.s.),
MU = Magnetic moment (B.M.)f CHIG = Gram susceptibility (X10 ^c.g.s.)
V a r i a b l e  t e m p e r a t u r e  m a g n e t ic  d a t a  f o r  th e  iFeC O C H ^^L j c o m p le x e s
ACETATF
te:mp CHI 1 /cm MU CHIG
77.0 19216.0 52.0 3.65 108.20
9 5 . 5 1811*2.6 55.1 3.76 102.16
110.0 17566.8 56.9 3.95 98.89
130.0 16659.7 6 0 .C 6.18 93.76i r n nI ' l  u  ,  u 15665.6 63.9 6.35 88.03
1 7 0 .C 16697.0 68.0 6.69 82.67
105.0 13566.3 73.7 6.62 76.27
220.0 12552.1 79.7 6.72 70.55
250.5 11989.7 86.3 6.86 63.11
2 8 c .c 10787.8 92.7 6.93 60.58
511.0 1 Am c n1 v w  / C) . v-/ 99.2 5.03 56.57o r r> r
• J 9153 .6 109.2 5.09 51 .35
r\ /s * i!
P R O P ! O N A T F
T E M P c m 1 / C M  I M U C H I G
8 1 . 0 1 7 6 6 3 . 6 5 7 . 3 3 . 3 8 m  . 0 2
9 6  •  0 1 6 7 5 5 . 3 5 9 . 7 3 . 6 0 8 7 . 3 1
1 1 0 . 0 1 6 1 5 6 . 3 61  . 9 3 . 7 8 8 6 . 1 7
1 3 c . 5 1 5 2 7 6 . 7 6 5 . 5 6 . 0 1 7 9 . 5 7
1 5 c . 0 1 6 3 6 1 . 1 6 9 . 6 6 . 1 7 7 6 . 7 8
1 7 0 . 0 1 3 5 6 6 . 5 7 3 . 8 !■  3 1 7 0 . 5 0
1 9 5 . 5 1 2 5 1 2 . 8 7 9 . 9 6 . 6 6 6 5 . 1 0
2 2 0 . 5 1 1 6 2 6 . 1 8 6 . 0 6 . 5 5 6  0 .  4  6
o r o  n 1 0 6 6 7 . 9 Q ?  *7.A-> • / 6 . 6 6 5  5 . 4 4
O  p  0  n
£ O W . W 9 9 0 0 . 6 1 0 1  . 0 6 . 7 3 5 1 . 4 2
3 1 0 . 0 9 2 3 9 . 5 1 0 8 . 2
1. o n 4 7 . 9 6
3 ^ 0 . 5 8 5 7 6 . 2 1 1 6 . 6 4 . 8  5 ¿6 4 . 4 8
A *
B U T Y R A T E
t e m p cm 1 /cm MU cm G
79.0 151 95.9 65.8 3.11 73.68
95.0 14904.2 67.1 3 .38 72.25
111 .C 14530.0 68.8 3.61 70.43
130.5 14035.2 71 .2 3.84 68.01i r n r! j> • ■> 13412.2 74.6 4.03 64.98
170.0 12762.2 78.4 4.18 61.81
195.5 12001.6 83.3 4.35 58.10oon nt. ¿ w , v; 11287.7 88.6 4.47 54.61
249.0 10489.1 95.7 4.59 50.72
279.5 9816.3 101.9 4.70 47.44
309.5 9201.7 108.7 4.79 44.44/, ñ n* ¡ V . vy 8637.4 115.8 4.87 41.69
* «J-/\ *
PEMTANOATE
TEMP CHI 1 /cm MU cm g
76.0 I 5 2 7 I .8 65.5 3.06 69.25
95.5 14900.3 67.1 3.39 67.55
110.5 14-590.7 68.5 3.60 66.14
130.5 14051.8 71 .2 3.84 63 • 68
150.5 13377.8 74. P 4.03 60.60
1 7 c .0 12760.7 78.4 4.18 57.79
195.0 11989.9 83 .4 4.34 54.27oon 0 11266.3 88.8 4.47 5 C . %0 r¿  ;> vy # V# 10458.8 95.6 4.59 47.28op n 0¿.i jXJ » O’ 9775.7 102.3 4 .70 44.1 6
310.0 9181.1 108.9 4.79 41.44
340.0 8-578.8 116.6 4.85 38.69
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HEXANOATF
TEMP c m 1 /CM! MU CHIC
/ 6 • C 17 0 6 6 . it 5 8 . 6 3 . 2 3 7 2 . 7 2
9 C . C 1 6 5 9 3 . 1 6 0 . 3 3 . 5 6 *7 r* 7 o/ -w’ . / V
1 Í C . 0 I 6 C 9 6 . 7 62.1 3 . 7 0 6 8 . 5  6
Î 3 C . 0 1 5 3 7 9 . 1 6 5 . 0 6.01 6 5 . 6 9
1 5 0 . C 1 i; 6 0 9 . 5 6 8 . 6 6 . 2 0 6 2 . 1 9
1 7 0 . 0 1 3 8 7 5 . 7 72.1 6 . 3 6 5 9 . 0 6
1 9 0 . 0 1 2 9 6 6 . 1 7 7 . 1 ' ‘ . 5 1 5 5 . 1 3
22 0 . 0 1 2 1 5 7 . 0 8 2 . 3 6 . 6 5 5 1. 67
2A9.0 1 1 2 6 6 . 2
CO•
Vs*/
CO 6 . 7 6 6 7 . 8 5oori nZ O V 7 . V7 1 05 06 .  i, 9 5 . 2 6 . 8 7 6 6 . 5 0
3 1 0 . C 9 8 3 5 . 0 i c i  .7 6 . 9 6 6 1  . 7 1
3 M . 0 9 1 8 5 . 8 1 0 8 . 9 5 . 0 2 3 8 . 9 2
y- /V s\ «J-✓ 1
CYCLONE XAH OA 17.
TCMP CHI 1 /C H ! MU CHIC
70.5 1651 6.0 60.5 3.23 66.90
95.0 16032.2 62.6 3 .50 66.92
109.7 15500.5 66.5 3.70 62.751 2 0 OJ 0 16761.3 67.7 3.96 59.76
150.2 13801.6 72.0 6. î 0 3 0.15
1 69.2 13119.7 76.2 6.23 5 3.06
1 96.5 12280.0 81.6 6.39 60.61
220.2 I I5 O O .9 O 7 OO / « V/ 6.52 66.63
260.5 IO717.7 0 5» 3 6.66 63.26
279.0 9997.6 ion  01 4J  V. ,  U» 6.. 76 n on
3O9.7 9296.8 1 0/. 6 6.82 37 .66
361.0 0 ¿;p o nL'OOw , V/ 115.2 6.88 36.92
/V J -
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B E N Z O A T E
I T H P C H I 1 / C H I M U C H I  G
7 7 . 5 1 6 8 6 A . A 5 5 . 3 3 . 2 5 7 0 . 1 1
9 5
n
• v-» 1 6 3 1  2 . 1 £1 ?  O l  • 3  . 5 3 67.80
l i o
n
• ^ 1 5 7 8 6 . 4 6 3 . 3 3 . 7 4 6 5 . 5 C
1 3 0
n  
• ^ 1 5 0 5 6 . 1 6 6 . 4 3 . 9 7 6 2 . 5 5
1 5  0 n 1 4 2 2 6 . 2
-? n  0 
/ vy .  „9 4 . 1 5 5 5 . 0 8
1 6 9 .  5 1 3 4 % .  C 7 4 . 1 4 . 2 9 56.02
1 9 5
n  
• ^ 1 2 5 3 4 . 7 7 9 . 8 4 . 4 4
r  0  r» a.5 c. • v
220 0  • w 116 6 4 . 8 8 5 . 7 4 . 6 5 4 8 . 3  6250 0• ^ 1 0 7 3 5 . 3 9 3 . 1 4 . 6 5 4 4 . 4 5
2 7 9 . 5 9 5 7 4 . 4 1 r ' r ' 2 i w u  .  J 4 . 7 4 4 1 . 2 9
0 1 0.2 ! w n  • v 9 3 1 6 . 1 1 n *7  -jI v > / • ^ 4 . 8 2 3 8 . 5 4
3  4  1
n  
.  u 0 7 4 c . 0 114 . 4 4 . 9 0 3 6 . 1 3
/\ •J* v1̂/S A
PI  IE i I V  L A C E  T A T E
T F .M P C H I 1 / C H I M U cm g
/ /  • 7 1 6 6 5 4 . 7
/ n  A
J W ,  u 3 . 2 3 6 5 . 3 5
9 5 . 5 1 6 2 3 1 . 2 6 1 . 6 3 . 5 3 6 3 . 0 8
1 1 1 . 0 1 5 7 8 1 . 0 6 3 . 4 3 . 7 6 6 1  . 9 0
1 3 1 . 5 1 5 1 7 2 . 9 6 5 . 9 ’ ¡ • . 0 1 5 9 . 5 0
1 r  a  a1 ) .  vy 1 4 4 1 6 . 6 6 9 . 4 ¿1 . 1 7 5 6 . 5 1
1 7 0 . 5 1 3 6 2 6 . 1 7 3 . 4 h . l  3 5 3 . 3 8
1 9 5 . 2 1 2 7 0 5 . 7 7 8 . 7 ¿ : . ^ 7 4 5 . 7 3
n o n  a
Z Z  ^  .  v v 1 1 7 5 0 . 5 8 5 . 1
/. r  z
4 5 . 9 7
2 5 0 . 0 1 0 8 8 0 . 5 9 1 . 9 4 . 6 8 4 2 . 5 4
0  0  a  r*Z  V w  .  V/ 1 0 1  6 5 . 2 9 0 . 4
1. *7 -  
‘ 3 9 . 7 1
7  1 0  0
9  1 u  1 ^ 9 4 9 7 . 8 1 0 5 . 3 4 . 8 7  ̂ / • w
7  /, A  c
8 8 7 7 . 8 1 1 2 . 6 4 . 9 4 3 4 . 6 2
>V * «J- ir
3 - P H F N Y L P R O P !  ONATF!
TEMP CHI 1 /CHI MU CHIG
76.0 20327.6 49.2 3.53 75.63
95.0 10469.1 61 .4 3.86 72.41n o  n1 | w . \v 18639.C 53.7 4.06 69.29n o  r1 j u ,  „ ) 17626.C 57.1 4.29 65.14
150 .C 16412.9 60.9 4.45 60.97
169.5 15385.5 65.0 4.58 57.12
195.5 14188.7 90 r/  ̂• ;> 4.73 5 2.64
221 .5 13 093.4 i G . h 4.83 48.54
250.5 12016.0 83.2 4.93 44.51
280.0 10904.1 91 .7 4.96 40.34? i o  n  1 w  .  w 9807.0 1 02.0 4.95 36.24? o o') L\-$ « \~» 9042.5 110.6 r oo 33 .38
* ✓ V «j*.A *
CIWIAMATF
TTMP CHI 1 /CHI MU CHI G
80.5 16674.5 60.0 3.29 62. k G
95.0 1 6230.2 61 .6 3 .53 60. 79
110.0 15726.4 63.6 3 77-- • > j 58. 89n n  n1 i w . w 15 045.0 66.5 3.97 56. 3 2
151.5 14178.7 “7 n  ri ^ • j 4.1 6 53. 05
17C.C 13524.6 73.9 b 7 n 50. 58
195.0 12608.0 79.3 4.45 ¿*7. 12
220.5 11701.3 85.5 4.56 43. 7C
250.0 10894.6 91 .8 4.69 ¿i0s- ̂  •66
280.5 10176.1 98.3 4 .80 5 7i •95
3 09.5 9517.2 105.1 4.87 35. h G
340.5 8922.9 112.1 4.95 33. 22
66
if-IPHFfJYLBUTYRA TE
TEMP CHI 1 /cm HU CHI G
on n 17C89.1 58.5 3.32 60.29
95.5 16596.7 60.3 3.57 58.54
n o . 5 16111.6 62.1 3 .79 56.81
130.5 15323.0 65.3 6.01 54.01
150 .C 14565.5 68.7 A. 20 51.31
170.2 13771.9 72.6 6.35 48.49
1 95.0 12847.1 77.8 6.49 45.20
220.5 11959.1 83.6 4.61 42.04
2 5 0 .C 11006•6 90.9 4.71 38.65
280.7 1 0263 . 97.4 4.82 3 6.01
310.5 9607.1 1 06.1 4.90 33.68
340.8 8955.1 111.7 4.96 31 .3 6
* / \ JU V»-.
1-NA PHTIIOATE
TEMP CHI 1 /CHI MU C H 1 G
81.5 16788.3 59.6 3.3 2 57.58
95.5 16208.7 61 .7 3.53 55.58
110.0 15638.5 63.9 3.72 53.61
131.5 14826.3 67.4 3.96 50.80
152.5 13909.2 71.9 4.13 47.62
170.5 13193.2 75.8 4.26 45.1 5
194.5 12275 .9 81 .5 4.3 9 41.97onn nZ Z Vv . ̂ 11415.7 O “7 /'u / • O 4.50 39.00
249.0 10543.8 94.8 4.60 35.98
279.5 9775.3 1Ö2.3 4.69 33.33
309.5 9134.5 109.5 4.77 31.11
328.5 8761.2 114.1 rT““ • CO Ni 29.82
/\ * *
6 7
3-ANTHROATE
TF.MP CHI 1 /CHI M'J CHIC
-7-7 nt 1 • ^ 16920.1t 59.1 3 . 2it 49.37
95.0 16359.7 61 .1 3.54 47.71
110,5 15779.9 63. it "> Tt;^ ; J 46.00
130.5 15 C3 9. ? 66.5 3.98 43.821 cn n 1 4205 .3 7C.it 4.14 41 .36
170. C 134-79.6 74.2 4.30 39.22
195.5 12641.4 79.1 4.46 36.75
220.5 11762.3 85.0 4.57 34.16
250. C 10882.3 91 .9 4.68 31 .56
281 .0 1 d i t i  .5 98.6 4 .79 29.38
310.5 9;t27.7 106.1 4.86 27.27
'j r n  c 8654.9 115.5 4.94 25.00
* JL
O-METHYLBENZ0ATF
TEMP CHI 1 /CHI MU CHIC.
80.5 21709.6 46.1 3.75 85.33
95.0 20639.7 48.5 3.98 81.10
110.5 19707.6 50.7 >4.19 77.42
130.0 18525.5 54.0 6. ̂  1 72.75
150.5 17369.1 57.6 it .50 68.18
170.0 16345.0 61.2 8.73 64.13
195.0 15130.1 66.1 ¿>•.88 59.33
220.5 14073.9 71 .1 5 . CO 55.15or r» n 12951.9 77.2 5.11 50.72Opn n ZOwi w 12036.2 83.1 5.21 47.1 c
310.0 11213.0 89.2 5.29 43.85
340. C 10480.8 95.4 5.36 40.96
■>v A * J -
00VO
CO '—  CM CAVO  CN CO C i  OA _d" _:f
cD l a «—  -d* CT-.CD l a c m -d- c n  oor-CD*— • • • • • • • • • • • •
U C  L A  a a CD v O  a a C O  l a » - •  A -  (VN  CD C O  ->'<
C D  A -  f ' -  v O  v o  L A  L A  L A - d - ^  - d "  C A
LU
-d~ CO AA vO LA «—  vO A>» CO GO LO C'A 
V O  00 *—  CA LA A*« CO CO CD «—  C M  OA
or, OA -d' -d* -d" -d~ -d- *-d" l a l a  l a l a
<OA4
LUCÜ>-
XO
C  . L A - d "  C N  L A  CD A -  A - - C D  C O  C N  L A
C D  CD C M  L A  C O  C N  v O  «—  00 O A  CD v O
■ A  - Ô  L A  L A  L A  L A  V O  V O  f  -  00 C A . C O
* ¿ _
IO
OA r>— d- C M  VO CÜ A^-d- A'- *—  LO -d"
CO C N CO CD co — »4 _d r_ O T— A-~T~ LA en VO AA CO A', CA LA C N “ *4 00 LA
CD -0-- A^ CD «— CD * — CA, CO -~vASA«/ CA.CD AA
O CO CO oc vO --4 AA C N r— r— CD
C N r - ~ •— *— t — i r — T—
Q_ l a  CD CD CD CD l a  O  CD l a  l a CD CD
LU CD l a *- CD CD CD LA CD CD CO CD CD *
h -  OC CO *—  OA L A  A'» CO CNJ LA» à ̂  «—  -d*
C N  C N  C N  AA AA
0-
CH
LO
RO
BE
N
?G
AT
E
CM CO CN CA «— -CÍ" A - CA vD vO 1" -  Cf \ 
LO CD vO LAMO-G (V,v£> CM CA CD OA CD
m: l a  or-, cd a -  a  cd a  ̂c a  »— c o  v o
tO 'A MD VD VO LA LA LA -G _G -G íy , OA
G  W  LA
10 LA A'- CA,
CA CA {V-,
CM CA CM
J,
CA Í"— lA GO CM LAMO LA CA 
«—  AA LA Vü 00 CO O  «— CM
-G -4' -G  -G -G  -LT LA LA LA
O'. CM CG Ml MC -G  CM CA
CO -G LA r- CT\ CA vo »- vO CM CG -G O  
LA LA LA LA vO VO A". A"- CG OG CT'\ O
*
CA LA CM Lß LA A . L A Ü  CM A — G —
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0 - ■N I T R O B F M Z  GATE
T E M P CÍII 1 / C H I MU CHI G
7 8 . 5 1 7 8 7 4 . 4 5 5 . 9 3 . 3 6 6 4 . 8 4
9 5 . C 1 7 3 7 1 . 0 5 7 . 6 3 . 6 5 6 3 . 0 0
1 1 C . 5 1 6 8 C 8 . 3 5 9 . 5 3 . 8 7 6 0 . 9 5
n c . c 1 6 0 5 5 . 6 6 2 . 3 4 . 1 0 5 8 . 2 0
1 5 C . C 1 5 1 9 6 . 8 6 5 . 8 4 . 2 9 5 5 . 0 6
1 7 0 . 5 1 4 3 2 3  . 4 6 9 . 8 4 . 4 4 51 . 8 8
1 9 5 . 0 1 3 3 1 9 . 9 7 r  1 4 . 5 8 4 8 . 2 1
o o n  nZ Z \j  • V/ 1 2 1 : 1 7 . 1 8 0 . 5 4 . 6 9 4 4 . 9 2
2 5 0 . C 11 4 6 8 . 6 8 7 . 2 4 . 8 1 4 1 . 4 6
2 8 0 . 0 1 0 6 1 6 . 8 9 4 . 2 ¿‘ . 8 9 3 8 . 3 5
3 1 0 . C 9 9 3 8 . 0 1 0 0 . 6 4 . 9 8 3 5 . 8 7
91 . rv n 9 2 9 6 . 9 1 0 7 . 6 5 . 0 5 3 3  Ç 2J  J  • ^ J
* * y.
M-- M E T H Y L B E N Z  GATE
T E M P CH I 1 / C H I MU C H !  G
7 0 . 5 1 7 0 3 6 . 3 5 8 . 7 3 . 2 8 b 6 . 8 6
9 5 . 5 1 6 3 8 7 . 9 6 1 . 0 3 . 5 5 6 4 . 3 0
1 1 0 . 0 1 5 7 5 9 . 3 6 3 . 5 3 . 7 4 6 1 . 8 1
1 3 0 . 0 1 4 9 3 6 . 2 i i l  r\o ¡  • ^ 3 . 9 6 5 8 . 5 6
1 r  o  n! V» .  e» 1 4 1 6 5 . 4 7 0 . 6 ¿ f . 1 4 5 5 . 5 2
1 7 0 . 0 1 3 4 2 7 . 7 7 4 . 5 4 . 2 9 5 2 . 6 0
1 9 5 . 0 1 2 5 1 7 . 6 -  o  o 4 . 4 4 4 9 . 0 0
2 2 0 . 0 1 1 7 1 6 . 8 8 5 . 3 4 . 5  6 4 5 . 8 4
o r  n  nZ w . V/ 1 0 8 2 8 . 6 9 2 . 3 4 . 6 7 4 2 . 3 3
o c  n  nZ O v> • ^ 1 0 0 8 8 . 7 9 9 . 1 4 . 7 7 3 9 . 4 1
5 1 0  nJ  I u .  u 9 4 2 1  . 4 1 0 6 . 1 4 . 8 5 3 6 . 7 7
O/, n  A i  V/ .  <u 8 8 1 7 . 9 1 1 3 . 4 4 . 9 2 3 4 . 3 8
k k ■k J,4" \
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M - M E T H O X Y B E  N 7 O A T E
TEMP CHI 1 /CHI MU CHI G
78.5 18614.4 r -> “7ÍO • / 3.43 68.73
95.0 17765.6 56.3 3 • 69 65.58
109.5 17124.3 5C.4 3 .89 63.20
13 2.5 16060.0 62.3 4.14 59.24
150.0 15155.8 66.0 4.28 55.881 “7 0 O• / ̂  ^ 14277.4 7 0 n/ ̂  • V/ 4.42 52.61
1 95.5 13195.5 75.8 4.56 48.59
270.5 12266.2 81 .5 4.67 45.14
250.0 11263.0 88.8 4.76 41.41
280.5 10466.5 95.5 4 .86 38.45
310.0 9764.2 102.4 4 .94 35.84-
3¿i-0.5 9096.9 1 OQ. 9 r n 0J • V.' w 33.36
>v
M-CHLOROBENZOATE
TEMP CHI 1 /CHI MU CHI G
7 8 .C 18274.6 54.7 3.3 9 66. 'J.Q
95.5 I7599.8 56.8 3.68 63.92
11 0 • 0 16985.5 58.9 5.88 61.68
130.5 1 6C7 6.8 62.2 4.11 58.35ir/i 0 15191.1 65.8 4.29 55.1 1
170.0 14321 .4 69.8 4.43 51 .93
195.5 13264.1 75.4 4.57 48.07
220.5 1 23 64. C 80.9 4.69 44.78oro 0W • w 11386.5 87.8 4.79 41 .20ooo 0il V/ » 0 10605.6 94.3 4.85 38.35
31c. 0 9845.7 101.6 4.96 35.57
3^0.0 9242.8 108.2 5.03 33.36
* *
7 1
M-NITROBFNZOATF
TFMP c m 1 /CHI M U CHI G
8 1 . 5 1 4 4 4 0 . 5 6 9 . 2 3 . 0 8 5 2 . 3 0
9 7 . C 1 4 2 4 6 . 2 n n/ w . ¿ 3 . 3 4 5 1 . 5 9
1 1 C . 5 1 3 9 2 4 . 4 7 1  . 8 3 . 5 2 5 0 . 4 2
1 ? 1 . C 1 3 5 7 1 . 5 7 3 . 7 2 7 0  -M • ! 4 9 . 1 3
1 5 0 . 5 1 3 0 1 6 . 3 7 6 . 8 3 . 9 7 4 7 . 1  1
1 7 0 . 5 1 2 1*3 6 . 6 8 0 . 4 4 . 1 3 4 4 . 9 9
1 9 5 . 5 1 1 7 0 5 . 1 8 5 . 4 4 . 2 9 4 2 . 3 2
2 2 0 . 5 1 0 9 6 2 . 3 9 1 . 2 4 . 4 1 3 9 . 6 1
2 5 0 . 0 1 0 2 4 7 . 8 9 7 . 6 4 . 5 4 3 7 . 0 0
2 8 0 . C 9 5 5 6 . 8 1 0 4 . 6 4 . 6 4 3 4 . 4 8
31  n n;  1 u . u 8 9 7 9 . 2 1 1 1 . 4 4 . 7 4 3 2 . 3 7o /, o n •cr,CO 1 1 8 . 4 4 . 8 1 3 0 . 4 1
* * ■ k
P-METHOXYBENZOATF
TEMP CHI 1 /CHI MU CHI G
0 0 . 5 1 9 1 6 1 . 6 5 2 . 2 3 . 5 3 7 n 77
9 6 . 0 1 8 3 8 9 . 7 3 . 7 7 6 7 . 9 0
11 1 . 0 1 7 6 4 7 . 1 5 6 . 7 3 . 9 7 6 5 . 1 4
13 1 . 0 1 6 6 9 3 . 5 5 9 . 9 4 . 2 0 61  . 5 9
1 5 1 . 0 1 5 7 0 9 . 9 "7 4 . 3 7  ̂7 • 9 4
1 7 0 . C 1 4 7 6 2 . 7 i) 7  7 1, r n' J . 7 5 4 . 4 2
1 9 5 . 0 13 6 6 2 . 4 7 3 . 2 4 . 6 3 5 0 . ’ 3oon n¿ Z  U  # V 1 2 6 9 5 . 9 7 8 . 8 4 . 7 4 4 6 . 7 4
2 5 0 . 0 11 6 8 1 . 2 8 5 . 6 4 . 8 5 4 2 . 9 6
2 8 0 . 0 1 0 8 2 0 . 6 9 2 . 4 4 . 9 4 3 9 . 7 7
3 1 n r i n m n  o! Kj w  / \j .  y 9 9 . 3 5 . 02 3 6 . 9 8
3 ’ ■ I • “ 9 3 8 2 . 2 1 0 6 . 6 5 . 0 8 3 4 . 4 2
* *
3 ,5 -P I METHYLBENZOATE
TEMP CHI 1 /CH! MU CH IC
8 1 .5 1 9 4 0 7 .9 5 1 .5 3 . 5 7 7 2 .1 8
9 5 . 0 1 9 0 6 4 .4 5 2 .5 3 . 8 2 7 0 .9 0
1 1 1 . 0 1 8 2 4 3 .8 5 4 . 8 4 . 0 4 6 7 .8 3
1 3 0 . C 1 7 0 7 5 .2 5 8 . 6 4 .2 3 6 3 .4 5
151 . 0 1 6 0 5 2 .2 6 2 .3 4 .4 2 5 9 .6 2
171 . 0 1 5 0 1 5 .9 6 6 . 6 4 .5 5 5 5 .7 4
1 9 5 .5 13841 .1 7 2 .2 4 . 6 7 5 1 .3 4
2 2 0 .5 1 2 8 4 8 .0 7 7 .8 4 . 7 8 4 7 .6 2
2 5 C .C 1 1 8 6 4 .4 8 4 .3 4 . 8 9 4 3 .9 4
2 8 0 . C 1 0 9 8 5 .9 9 1 . 0 4 . 9 8 4 0 .6 5
3 1 0 . 0 1 0 2 0 3 .4 9 8 . 0 5 .0 5 3 7 .7 2
3 4 C . 0 9541 .2 1 C 4 .8 5 .1 1 3 5 .2 4
* * * *
3 , 5  -T) I ME TH OX YBE  NZ OA TE
TEMP CHI 1 /CHI MU CH IC
7 8 . C 1 7 4 1 2 .0 5 7 . 4 3 .3 1 5 7 .7 6
9 5 .5 1 6 8 2 9 .2 5 9 . 4 3 . 6 0 55 .8 1
1 0 9 .5 1 6 2 8 1 .8 6 1 .4 3 . 7 9 5 3 .9 8
1 3 0 . 0 1 5 4 0 9 .3 6 4 .9 4 . 0 2 5 1 . 0 6
1 5 0 .5 1 4 7 2 5 .8 6 7 . 9 4 .2 3 4 8 .7 8
1 7 0 .5 1 4 0 3 8 .2 71 .2 4 . 3 9 4 6 .4 8
1 9 5 . 0 1 3 2 0 0 .5 7 5 . 8 4 .5 5 4 3 . 6 8
2 2 C .C 1 2 3 7 6 .6 8 0 . 8 4 . 6 8 4 0 .9 2
2 5 0 . C 1 1 3 9 4 .7 8 7 . 8 4 . 7 9 3 7 .6 4
2 8 0 .5 1061 0 . 4 9 4 .2 4 . 9 0 3 5 .0 2
3 1 0 . C 9 8 7 5 . 9 1 0 1 .3 4 . 9 7 3 2 .5 6
3 4 C .C 9 2 3 0 . 6 1 0 8 .3 5 .0 3 3 0 . 4 0
7 3
3,5-DICHLOROBEMZGATE
TEMP CHI 1 /CHI MU CH IC
7 9 . 0 1 7 0 3 4 .7 5 8 . 7 3 . 2 S 5 4 .8 9
9 5 . 0 1 6531 . 6 6 0 .5 3 . 5 6 5 3 . 2 6
1 1 1 . 0 1 6 0 4 0 .6 6 2 .3 3 . 7 9 5 1 . 6 6
1 3 0 . 0 1 5 3 8 3 .3 6 5 . 0 4 .01 4 9 .5 3
1 5 0 . 0 1 4 5 6 4 .0 6 8 .7 4 . 2 0 4 6 .8 7
1 7 0 . 0 13730 .1 7 2 . 8 4 . 3 4 4 4 . 1 6
1 9 5 . 0 1 2 7 6 9 .6 7 8 .3 4 . 4 8 4 1 .0 4
2 2 0 . 0 1 1 9 5 4 .5 8 3 .7 4 . 6 0 3 8 . 3 9
2 5 0 . 0 1 1 0 4 7 .5 9 0 .5 ¿’•.72 3 5 .4 5
2 8 C .C 1 0 3 0 9 .8 9 7 . 0 4 .8 2 3 3 .0 5
3 1 0 . 5 9 6 3 C . 6 1 0 3 . 8 4 .91 3 0 .8 4
3 4 0 . 0 9021  .5 1 1 0 .8 4 .9 7 2 8 .8 7
* * * *
3,5-0 I NI TR QBE NZ GATE
TEMP CHI 1 /CHI MU CH! G
7 7 .5 1 6 7 9 8 .8 5 9 .5 3 . 2 4 5 0 . 6 9
9 5 . C 1 6 4 1 3 .4 6 0 .9 3 .5 5 4 9 .5 2
1 1 C . 5 1 5 9 9 0 . 0 6 2 .5 3 .7 7 4 8 .2 4
1 2 9 . C 1 5 3 4 9 .7 65.1 3 . 9 9 4 6 . 2 9
1 5 5 . 0 1 4 2 4 5 .6 7 0 . 2 4 .2 2 4 2 .9 3
1 7 0 . C 1 3 5 6 6 .0 7 3 .7 4 .3 1 4 0 .8 7
1 9 5 . 0 1 2 7 2 2 . 8 7 8 . 6 4 .4 7 3 8 .3 1
2 2 0 . 0 1 1 9 5 7 .5 8 3 . 6 4 . 6 0 3 5 . 9 8
2 5 0 . C 1 1 1 2 9 .3 8 9 . 9 4 . 7 4 3 3 . 4 6
2 8 0 . C 1 0 3 8 8 . 8 9 6 .3 4 . 8 4 31 . 2 1
3 0 9 .5 9 7 7 0 . 9 1 0 2 .3 4 . 9 4 2 9 .3 3
3 4 0 * 0 9 1 4 4 .5 1 0 9 .4 5 .0 1 2 7 .4 3
7*f
TABLE XV
Best-fit values of g, JA, Jß and Jc for the F e i O C H ^ L  complexes.
COMPLEX g -JA
(cm71) (cm.1)
Acetate 1 . 9 8 3.00 3 . 2 5
Propionate 1.90 3.00 3 . 2 5
Butyrate 1 . 9 8 ¿+.00 4 . 1 0
Pentanoate 1 . 9 8 4.00 4 . 1 0
Hexanoate 1 . 9 8 3 .0 0 4 .5 0
Cyclohexanoate 1 . 9 8 3 .5 0 4 .2 5
Benzoate 1 . 9 8 3 . 5 0 4 .0 0
Phenylacetate 1 . 9 8 3 .3 0 3.73
3-Phenylpropionate 1 . 9 8 2 .3 0 3.30
Cinnamate 1 . 9 8 3 . 5 0 4 .0 0
4-Phenylbutyrate 1 . 9 8 3 .3 0 3 .6 0
1-Naphthoate 1.90 3.00 3.73
9-Anthroate 1 . 9 8 3.30 4 .0 0
o-Methylbenzoate 2.03 2.30 3.30
o-Methoxybenzoate 2.03 2.30 3.73
o-Chlorobenzoate 2.03 3.00 4 .2 5
o-Nitrobenzoate 1 . 9 8 3.00 3.90
m-Methylbenzoate 1 . 9 8 3 . 5 0 3.90
m-Methoxybenzoate 1 . 9 8 3.00 3.73
m-Chlorobenzoate 1 . 9 8 3.00 3.73
m-Nitrobenzoate 1 . 9 8 4 .0 0 4 . 7 5
p-Methoxybenzoate 1 . 9 8 3.00 3 . 2 5
3 ,5“Dimethylbenzoate 1 . 9 8 3.00 3.00
3,3~^i®e'thoxybenzoate 1 . 9 8 3 .0 0 3 . 2 5
3,3-^ichlorobenzoate 1 . 9 8 3 .5 0 3 . 7 5
3,3-^initrobenzoate 1 . 9 8 3 .5 0 3 .6 0
75
FIGURE 11
Experimental reciprocal susceptibility and moment plots, 
where A= magnetic moments and
•= reciprocal susceptibility values«
Solid lines represent the theoretical tetramer curves 
for the parameters listed in Table XV.
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Coordination type
Unidentate
Asymmetric bidentate
Symmetric bidentate
FIGURE 12
Structure Example
Ni(CH C00)2.4H20 
(Eef 121)
Zn(CHICCO) (NH SO) 
(Ref 122)
Zn(CH COO)_.2H_0
5 d à
(Eef 123)
Syn-syn bridge
Syn-anti bridge
Anti-snti bridge
Cu(CH C00)?.H20 
(Eef 12*0
Cu(HCOO) 
(Eef 125)
c u (h c o o )2.*vh2o
(Ref 126)
Coordination of the carboxyl group
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Infrared Spectra
Infrared spectra of the complexes in KBr have been
__ Adetermined over the frequency range 4-,000 - 300 cm. . Of 
greatest interest are the C-0 stretching bands of the carboxylate 
and methoxide groups which can be readily assigned. The frequencies 
and assignments of these bands are given in Table XVI.
Assignment of the Fe-0 stretching bands which occur below 
600 cm. is uncertain and no attempt has been made to assign 
them.
a) Carboxylate Spectra
The carboxylate group is capable of bonding in several ways.
In coordination complexes carboxyl groups have been found to act 
as unidentates, bidentates or as bridges between two metal ions 
as shown in Figure 12. The frequencies of the carboxylate bands
may be used to distinguish between the various types of carboxylate
, 127-129bonding .
Curtis^^ has found that in the absence of hydrogen bonding 
it is possible to distinguish between the ways in which the acetate 
group is coordinated to divalent metal ions. This was achieved by 
comparing the magnitude and direction of the frequency shifts of the 
asymmetric and symmetric stretching bands, relative to those of 
ionic acetate, which occur at 1378 cm.^ (N* ) and cm.^ PFg)
respectively.
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TABLE XVI
C-0 stretching frequencies in the infrared spectra of the 
jVeiOCH^J^Lj complexes (cm7^).
COMPLEX "V cooas ^  COO rs Y  A  Vas - ys
'I'h .-C-O
Acetate 1540 1^35 103 1042
Propionate 1530 1432 98 1045
Butyrate 1535 1438 97 1045
Pentanoate 1530 1430 100 1048
Hexanoate 1522 1425 97 1048
Cyclohexanoate 1514 1422 92 1030
Benzoate 1525 1415 110 1040
Phenylacetate 1532 1408 124 1030
3-Phenylpropionate 1535 1430 103 1040
Cinnamate 1320 1410 110 1045
^f-Phenylbutyrate 1520 1425 95 1048
1-Naphthoate 1320 1418 102 1042
9-Anthroate 1310 1 H 0 70 1048
o-Methylbenzoate 1320 1400 120 1040
o-Methoxybenzoate 1525 1405 120 1048
o-Chlorobenzoate 1535 1405 120 1040
o-Nitrobenzoate 15^0 1410 130 1042
m-Methylbenzoate 1523 1400 125 1045
m-Methoxybenzoate 1530 1405 125 1038
m-Chlorobenzoate 1530 1400 130 1038
m-Nitrobenzoate 1535 14o 8 127 1043
p-Methoxybenzoate 1320 1408 112 1038
3 f3-Diinethylbenzoate 1320 1400 120 1048
3»3-^ifflethoxybenzoate 1530 1400 130 1030
3 f3-Dichlorobenzoate 1535 1390 145 1045
3 t3-Dinitrobenzoate 15^5 1407 138 1041
VOro
UNIDENTATE
B I D E N T A T E
B ID E N T A T E
BRIDGE
FIGURE 13
4
4
Frequency shifts of the coordinated acetate group after Curtis 130
1^00
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The directions and magnitude of the shift of the bands relative to 
ionic acetate is shown in Figure 13.
Unidentate acetate shifts the asymmetric band to higher 
wavenumbers and the symmetric band to lower wavenumbers.
Bidentate acetate shifts the asymmetric band to lower wavenumbers 
and the symmetric frequency to higher wavenumbers. The shifts are 
greater for symmetrical bidentates than for asymmetrical bidentates 
because the asymmetric bidentates retain more of the double bond 
character of the carbonyl group. Symmetrical bridging by acetate 
appreciably increases the asymmetric band frequency to values 
higher than found in complexes with other types of acetate bonding. 
It has been suggested that a sharp well defined asymmetric band 
at 1595 - 1600 cm. is indicative of bridging carboxyl groups •
For the present acetate complex the direction of the 
frequency shifts indicate the presence of bidentate acetate. The 
asymmetric band is lowered to 15̂ 0 cm. whilst the symmetric band 
is increased to 1*1-35 cm. , relative to ionic acetate. The 
frequencies of the asymmetric and symmetric stretching bands for 
all the complexes in the series are close to that of the acetate 
complex (see Table XVI). It is therefore assumed that this is 
the result of a similar bidentate nature of the carboxylate as for 
the acetate. This is consistent with the similarity of other 
properties of the complexes e.g. composition, colour and magnetic 
behaviour which all indicate a similar structure.
9*f
b) Methoxide Spectra
— «1
All alkoxides absorb strongly in the 1000 cm. region due 
to modes variously described to C-0 and M-C-0 stretching^2“1^ .
In co-ordination complexes alkoxide groups may be present as 
unidentates bonded to one metal ion only9 bridging two metal 
ions or bridging three metal ions. Co-ordinated alcohol is 
also present in some complexes. In the present discussion only 
methoxide complexes will be considered.
The tetrameric form of titanium methoxide has the
137structure shown in Figure 1*f J . The complex is of particular 
interest as it contains all three types of methoxide groups.
The infrared spectrum of the complex gives three bands in the
—1 138 —1 —11000 cm. region . Bands occur at 1075 cm. , 1030 cm7 and
-1995 cm. and have been assigned to the unidentate methoxide, 
methoxide bridging two titanium ions and methoxide bridging three 
titanium ions respectively. The observed frequencies decrease as 
co-ordination to the methoxyl oxygen increases.
In the present series of complexes only one band occurs in 
the 1000 cm. region showing that all the methoxide groups are 
co-ordinated in one way only. Since the different ways of co­
ordination of the methoxide group are associated with characteristic 
frequencies it should be possible to assign the band in the present 
series of complexes by comparison with the spectra of other i r o n ( m )
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FIGURE 14
ch3 0  o c h 3
ch3o o c h 3
Structure of tetrameric titanium methoxide. (Ref 137)
FIGURE 15
methoxide complexes.
Q c m
Wu et al. have studied complexes of the form jFeiOCH^JI^j
where L = dipivaloylmethane and acetylacetone. The complexes
have been shown to be dimeric, the proposed structure shown in
Figure 15* The methoxide groups act as bridges between two
six-coordinate i r o n ( m )  ions, the infrared spectra showing
—1 —1a single band at 10*f8 cm. and 1050 cm. respectively for the 
two complexes.
A number of i r o n ( m )  halo methoxides have been studied 
97by Kakos and Winter • For complexes of the formula 
Fe^(OCH^)^ X ^.A-CH^OH (type I) where X = Cl or Br they 
propose the structure shown in Figure 16(a). Three bands occur 
in the infrared spectra at 1080 cm. , 1005 cm. and 970 cm.
Kakos and Winter assign them to methoxide bridging two six-co­
ordinate i r o n ( m )  ions, coordinated methanol and methoxide 
bridging three six-coordinate iro n ( m )  ions respectively.
Kakos sind Winter also report two methoxide complexes of
composition Fe^(0CH^)^X^ (type II) where X = Cl , Br . The
proposed structure for these complexes is shown in Figure 17(a).
-1 -Three bands occur in the infrared spectra at 1080 cm. , 1055 cm. 
and 1020 cnu\ Kakos and Winter assign them to unidentate 
methoxide bonded to four-coordinate iron(11l), methoxide 
bridging one four-coordinate to one six-coordinate iron(m) 
ion and methoxide bridging two four-coordinate iron(m) ions
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FIGURE 16
CH3OH
CH30.
CH3 O.
Fe:
CHoOH
CH3 OH
'Fe:
‘OCH
OCH
Fe!
•OCH
CH3 OH
a) Proposed structure for the complexes Fe,X.(OCH^)
(Kef 97) ^ 6 3 6 3
b) alternative structure.
CH3 O H
98
FIGURE 17
OCH 3
a) Proposed structure for the complexes Fe.X (OCH_)Q
(Ref 97) * * V
b) Alternative structure.
VOvo
FIGURE 18
WAVELENGTH (;<m) JAPAN SPECTROSCOPIC CO.,  LTD.
0 I  I  t  A  K T±
Infrared spectrum of Fe^(OCH^)^
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respectively.
The bands at 1080 cm. have not been assigned to 
equivalent methoxides. In complexes of type I the band is 
assigned to methoxide bridging two six-coordinate iron(l11) 
ions and in type II to unidentate methoxide bonded to four- 
coordinate iron(m). The alternative structures shown in 
Figures 16(b) and 17(b) remove this ambiguity in assignment.
The band at 1080 cm. can now be assigned in both types of 
complexes to unidentate methoxide bonded to six-coordinate 
iron(111).
A change in the coordination number of the metal ion 
should result in a change in the observed methoxide frequencies.
This is supported by the observed spectrum of Fe_(0CH ) . The3 3 7
proposed structures for this complex involve four-coordinate 
i r o n ( m )  ions with unidentate methoxide and methoxide bridging 
two iron(l11) ions . Two bands are observed in the infrared 
spectrum at 10^3 cm. and 1020 cm. (see Figure 18), which can 
be assigned to unidentate methoxide and methoxide bridging two 
iron(l11) ions respectively.
The frequencies of the observed bands for the various 
i r o n ( m )  methoxide complexes are collected in Table XVII.
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TABLE XVII
METHOXIDE
COORDINATION
IR0N(111)
6
COORDINATION
6 A
NUMBER
k
Unidentate 1080cm.^ - 1055cm71
Fe-O-Fe bridge 1048 - 1050cm71 1033cml^ 1020cm.̂
Coordinated methanol 1005cm71 -
FeT
0̂  bridge
F F e e
970cm71
All complexes in this work show one C-0 methoxy stretching 
band only in the region 1038 - 1050 cm. (Figure 19 and Table XVI). 
This is the region expected for methoxide groups bridging two 
six-coordinate iron(l1l) ions (see Table XVII). It is therefore 
concluded that the present complexes involve only this type of 
methoxide group.
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Proposed Structure
Several tetrameric structures for the present series of 
complexes can be written involving, octahedral, square pyramidal, 
tetrahedral and trigonal prismatic i ron(m) ions.
Structures involving octahedral iron(m) are shown in 
Figure 20. All three structures contain more than one type of 
methoxide group. They are therefore inconsistent with the 
infrared spectra which show only one type of methoxide to be 
present. In structures (b) and (c) the bridging carboxylates are 
also inconsistent with the observed spectra which show the 
carboxylate to be non bridging bidentate.
A fourth structure with square pyramidal coordination 
about the i r o n ( m )  ions is diown in Figure 21. This structure 
involves unidentate carboxylate groups and is therefore also 
inconsistent with the infrared evidence.
A fifth structure based on tetrahedral coordination to the 
i r o n ( m )  ions is shown in Figure 22. As the methoxides are 
all equivalent unidentates and the carboxylates are not bidentate 
this structure is also inconsistent with the observed infrared 
spectra. Irrespective of other considerations this structure is 
unlikely as it involves a large sixteen membered ring.
A sixth structure involving trigonal prismatic iron is shown 
in Figure 23. Catalin models indicate the feasibility of this
112
FIGURE 20
OCH3
H/
R
Possible octahedral structures for the series of |Fe(0CH7)oL
complexes* L ^ ’
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Possible
Possible
RCOO
FIGURE 21
RCOO
of complexes.
FIGURE 22
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CH3Ov y 0 C  H3 
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\ ‘G-----0
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CH3On^  .0 
Fé
ch3ct "0
t>—
R
C---0. .0— c.
R/  \ Fe
ch3o/ / /  N^ o c h 3
0. OC H
Fe
0^  'N dCH
'R
tetrahedral structure for the [ ^ ( o c h3)2lJ series of
complexes.
11^
FIGURE 23
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structure. All methoxides occur as bridges between two six- 
coordinate i r o n ( m )  ions whilst the carboxylates are present 
as bidentates. This structure is consistent with the infrared 
and magnetic evidence. As no other arrangement was found which 
satisfied the magnetic and infrared evidence this structure is 
proposed for the present complexes.
Trigonal prismatic coordination to iro n ( m )  is not
unreasonable in view of the recently reported structures for
the iron(111) tris dithiocarbamates^^*, tris xanthate^^*^^
1and tris thioxanthate .
Substantiation for the proposed tetrameric trigonal 
prismatic structure of the present dimethoxy complexes comes 
also from stereochemical considerations of the iron(l11) complex 
of adipic acid. This complex has the empirical formula
(adipate )j ̂  ̂  indicating that both carboxylate groups 
of the adipic acid are coordinated and that an even number of 
iron(l11) ions must be present in the discrete cluster. The 
complexes may therefore be dimers, tetramers, hexamers, etc.
A dimeric complex based on the trigonal prismatic unit shown 
in Figure 23 is not expected to form as it would involve excessive 
reduction in the Fe-O(methoxide)-Fe angles. The simplest structure
that could be formed would therefore be a tetramer.
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Reflectance Spectra
The presence of a trigonal prismatic structure in the 
present complexes appears to be confirmed by the diffuse 
reflectance spectra which indicate a reduction from octahedral 
symmetry. Reflectance spectra at room temperature have been 
recorded over the range 26f000 - 6,000 cm. .
The spectra are similar for all the complexes in the
+ —1present series in showing four bands at 9»600 - 500 cm. (br.)f
15»^00 - 600 cm.\br.), 19»000 i 500 cm.\sh.) and 
+ -121,500 - 100 cm. (sh.). Band frequencies are listed in Table 
XVIII and typical spectra are shown in Figure 2*f.
Spectra of several trigonally distorted iron(l11) complexes
have been reported • Band assignments have been made on the
. 5basis of octahedral symmetry since no Orgel diagram for the d 
system in a trigonal prismatic ligand field appears to be available. 
The reported complexes and band assignments are shown in Table XIX.
Reference to Table XIX shows that in passing from non 
chelate through six membered to five membered chelate rings the 
distortion from octahedral symmetry increases and the observed bands 
shift to lower wavenumbers for ligands of similar donor strength.
The frequencies of the bands observed for the present complexes 
involving four membered chelate rings are consistent with this
117
1 1 8
TABLE X V III
Reflectance spectra of the jFeCOCH^J^Lj complexes
COMPLEX BAND 1
X10-*cml
BAND 2 
X10 ^cm.
BAND 3 
-3X10 'em.
BAND k
1 -3 -1 X10 ^cm.
Acetate 10.1 15.0 19.0 21.6
Propionate 9.6 15.5 19.5 21.6
Butyrate 9.6 15.3 19.0 21.6
Pentanoate 9.7 14.8 19.0 21.6
Hexanoate 9.9 15.4 19.0 21.6
Cyclohexanoate 9.^ 15.3 19.0 21.5
Benzoate 9.7 15.0 19.0 21.5
Phenylacetate 9.0 15.3 19.0 21.6
3-Phenylpropionat e 9.6 15.2 19.5 21.6
Cinnamate 9.7 15.0 19.0 21.6
4-Phenylbutyrate 9.5 15.3 19.5 21.6
1-Naphthoate 9.8 14.8 19.5 21.6
9-Anthroate 9.7 14.6 19.0 21.6
o-Methylbenzoate 9.6 15.2 19.5 21.4
o-Methoxybenzoate 8.9 15.4 19.5 21.5
o-Chlorobenzoate 9.3 15.5 19.0 21.4
o-Nitrobenzoate 9.0 15.5 19.0 21.4
m-Methylbenzoate 9.5 15.0 19.5 21.6
m-Methoxybenzoate 9.8 15.2 18.5 21.5
m-Chlorobenzoate 9*6 15.2 18.5 21.6
m-Nitrobenzoate 9.8 15.0 19.5 21.6
p-Methoxybenzoate 10.2 15.0 18.5 21.6
3f5-Dimethylbenzoate 9.2 15.3 19.0 21.6
3,3-Dimethoxybenzoate 9.2 15.2 19.5 21.6
3 ,5-Dichlorobenzoate 9.1 15.1 19.0 21.6
3*5-Dinitrobenzoate 9.0 16.0 18.5 21.7
1 1 9
TABLE XIX
COMPLEX BAND FREQUENCIES
-3 -1 X10 'em.
ASSIGNMENT
\
REF.
12.80
Fe(urea)^ (CIO^)^ 17.00 T2 147
22.03 k k A-,, E
23.32
11.09
(NH^)^ Fe(malonate)^ 15-72 S 146
6 membered ring 22.66 4 4 A,,, a
22.88
10.00 \
15.00 S 147
NaMg Fe(oxalate
22.66 4 4 Alt E
5 membered ring 22.88
9.60
15.^0 s
Fe(OCH,) ~ (carboxylate) 
membered ring
19.00
21.50
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— 1 — 1trend and the observed bands at 9f600 cm. and 15,^00 cm. may
Zf £ Zf £be assigned to the T^-----  and transitions
respectively.
Zi.In a perfectly octahedral ligand field the T(G) terms of the
5 1^8d ion are degenerate, however Van Vleck has pointed out that
this degeneracy should be removed in a trigonal field. Holt and
1V?Dingle report the correlation between the states in an 
octahedral and trigonally symmetric field shown in Table XX. The 
octahedrally degenerate triplet states are split into a singlet 
and a doublet in a trigonal field.
Indeed it has been possible to resolve the broad band 
at 9,600 cm. into two components for the complete series of 
dimethoxy complexes. The frequencies of the resultant bands are 
listed in Table XXI. Resolution of the broad band at 15*^00 cm. 
could not be achieved with sufficient accuracy due to some 
overlap with the tail of the charge transfer band.
Spectra of some of the complexes were run at liquid 
nitrogen temperature in sin attempt to improve the resolution, 
however all bands showed little temperature dependence. This
. 1V?agrees with the observations made by Holt and Dingle who 
reported little temperature dependence in the spectra of 
trigonally distorted i r o n ( m )  complexes.
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TABLE XX
TABLE XXI
Zf ßA^ transition of the TFe(0CH
complexes*
COMPLEX RESOLUTION
-3 -1 X10 ^cm. ' -3 -1 X10 ''em.
Acetate 10.0 11.3Propionate 9.6 10.8
Butyrate 9.6 11.0
Pentanoate 9.6 11.0
Hexanoate 9.9 11.4
Cyclohexanoate 9.25 11.0
Benzoate 9.7 11.2
Phenylacetate 9.0 10.6
Phenylpropionate 9.6 11.0
Cinnamate 9.6 11.0
Phenylbutyrate 9.3 11.0
1-Naphthoate 9.6 11.0
9-Anthroate 9.6 11.2
o-Methylbenzoate 9.6 11.0
o-Methoxybenzoate 9.0 11.0
o-Chlorobenzoate 9.4 10.3
o-Nitrobenzoate 9.0 11.0
m-Methylbenzoate 9.7 11.0
m-Methoxybenzoate 9.9 11.0
m-Chlorobenzoate 9.6 11.6
m-Nitrobenzoate 9.7 11.0
p-Methoxybenzoate 10.2 11.25
3»3-Dimethylbenzoate 9.2 11.4
3,3-Dimethoxybenzoate 9.2 11.0
3 y3-Pichlorobenzoate 9.2 10.8
3*3“Pinitrobenzoate 9.0 11.0
1 2 3
Trigonal Prismatic Coordination
Complexes of the form ^ provided the first
examples of trigonal prismatic coordination in metal complexes.
The first structures to be determined by X-ray crystallography
were those of Re(S_C,Ph,), 9, Mo(S_C.H_)_150 and V(S_C_Ph_),151.
Complexes with 1,1- and 1,2- dithiolato chelates have provided
the majority of trigonal prismatic complexes thus far recorded.
Deliberate attempts to impose trigonal prismatic coordination
152-156with nitrogenous clathro chelates have been successful
157whilst only one complex with oxygeneous ligands has been reported .
The general approach to trigonal prismatic coordination is to 
regard it as a deviation from octahedral symmetry via intramolecular 
rearrangement. The proposed twist mechanism for the formation of 
trigonal prismatic complexes with bidentate ligands has been
.. J • V i -  158-161discussed m  a number of papers •
An octahedron can be regarded as a special case of the D ^
trigonal antiprism. The twist mechanism for the conversion of an
. . . , . __ , 162 octahedron into a trigonal prism has two effects •
1) The triangular faces of the prism are twisted with respect
to each other. A measure of the twist is the angle 9(Figure 25), 
which is 60° for the octahedron and 0° for the trigonal prism.
2) A change of the ratio s/h, the length of the side of the 
triangular faces to the distance between them (Figure 25). For
124
FIGURE 25
a) Octahedron (trigonal antiprisra)
h
elongated
b) Trigonal prism
compressed
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an octahedron s/h = 1.22, a ratio larger than 1.22 indicates a
compressed structure while a smaller ratio indicates an
163elongated structure. Valence bond theory leads to the conclus 
ion that bonding in a trigonal prism should be strongest when 
the prism has square sides and hence s/h = 1.00.
All the reported structures of tris bidentate iron(m) 
complexes show a varying degree of distortion towards trigonal 
prismatic configuration. The reported values of & for these 
complexes are given in Table XXII.
TABLE XXII
COMPLEX e REFERENCE
Octahedron 60°
Fe(acac)^ 5V 5 l6*f
Fe(S2CSt-Bu)
0OJ-4- ikk
FetSgCOCgH ) ¿f1° Ik3
Fe(S2CN(CH )(CgH5))3 koA° 1^1
Fe(S2CN(CH2)4)3 38.6 1^1
Fe(S2CN(n-Bu)2>3 32 ■\ko
Trigonal Prism 0
From the magnitude of O it is evident that even the most distorted 
of these complexes is only midway between an octahedral and a
1 2 6
trigonal prismatic configuration.
In the present ^ F e ( O C H c o m p l e x e s  the attainment of a 
trigonal prismatic configuration about the iron(H1) ions is 
expected from the arrangement and rigidity of the proposed 
tetrameric bridged structure. The rigidity will prevent the 
operation of a ”reverse twist” towards an octahedral configuration. 
Departure from trigonal prismatic configuration may result from 
lateral twist of the carboxylate groups relative to the vertical 
0-0 bridging edges of the trigonal prism (Figure 23)*
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Reagents
Commercially available reagents were used.
a) Anhydrous Iron(m) Chloride. (E. Merck).
Anhydrous i r o n ( m )  chloride hydrolyses rapidly in contact 
with the atmosphere. Hydrolysis was minimised by preparing a
0.5M stock solution in anhydrous methanol to avoid individual 
weighings.
b) Carboxylic Acids.
Carboxylic acids of analytical (A.R.) and laboratory (L.R.) 
reagent grades were used where possible. Technical grade reagents 
were recrystallised.
c) Piperidine. (E. Merck).
Piperidine evolves ammonia on prolonged standing and its 
removal is essential to prevent the formation of ammonium chloride 
in the reaction mixture. All piperidine was distilled prior to use, 
collecting only that fraction which boiled in the range 106 - 108°C.
d) Methanol. (Univar).
Methanol contains small amounts of moisture and its removal 
is essential to prevent hydrolysis of the complexes. Dehydration 
was achieved by adding 30 ml. of 2,2 dimethoxypropane to each 
litre of methanol and refluxing the solution for two hours.
1 2 9
Moisture is removed according to the reaction
H2° + 2CH^C(0CH^)2CH^---- *• (CH^)2C0 + 2CH^0H (VIII)
The solution was then distilled collecting only that fraction which 
boiled in the range 6k - 66°C.
Preparation of Complexes
All complexes were prepared by the same method* Piperidine 
(0*15 moles) was added to a solution of 0*05 moles carboxylic acid 
in 100 ml* dried methanol, the solution stirred to assist formation 
of the soluble piperidinium salt of the carboxylic acid, and then 
filtered into a 500 ml. flask. One hundred millilitres of the 
0.5M methanolic iron(l11) chloride stock solution was then filtered 
into the flask with constant agitation. The flask was then 
stoppered and shaken gently for an hour.
The product was then collected by centrifuging and placed 
back in the reaction flask with 200 ml. of dried methanol. The 
flask was then stoppered, shaken to disperse the product and left 
to stand for a period of not less than 2k hours.
The product was again collected by centrifuging, washed with 
dried methanol, then repeatedly centrifuged and washed with dried 
methanol till no trace of chloride remained in the wash. Excess 
solvent was then removed under nitrogen by heating at 100°C for 
not less than 18 hours.
Analyses
16SIron was determined volumetrically using potassium 
dichromate with sodium diphenylamine sulphonate indicator. Carbon 
hydrogen and nitrogen analyses were determined by Dr. E. Challen 
of the University of New South Wales microanalytical laboratory 
and by the Australian Microanalytical Service (Melbourne).
Experimental and theoretical analyses are collected in 
Table XXIII.
Decomposition Temperatures
Decomposition temperatures were determined using a Buchi 
melting point apparatus. Results are listed in Table XII.
Magnetic Measurements
Magnetic measurements at room temperature of the powdered
166samples were carried out by the Gouy method using HgCo(SCN)^ 
and CuSO^.^H^O as calibrants. Results are listed in Table XIII.
16*7Apparatus similar to that described by Figgis and Nyholm 
was employed to measure magnetic susceptibility over the 
temperature range 80 - 300°K. Results of the variable temperature 
magnetic data are given in Table XIV.
Calculations of experimental and theoretical magnetic data 
were carried out on a modified IBM 1620 computer at W.U.C.
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TABLE XXIII
Analysis of ^Fe (OCH-^^L I complexes.
COMPLEX EMPIRICAL FORMULA ANALYSIS
Fe
FOUNDS
C H N Fe
CALCULATED
C
O//O
H N
Acetate FeC^ 9°i, 3 1 . 6 2 6 . 8 3*0 3 1 . 6 2 7 . 1 3.1
Propionate FeC5H11°^ 2 9 . 8 30.9 3.7 29-3 31 -k 3.8
Butyrat e FeC6Hl3°* 27.7 33-0 G.k 27.3 33.1 6.3
Pentanoate FeC7H15°^ 2 3 . 2 3 8 . 2 6.7 23.6 3 8 . 3 6 . 8
Hexanoate FeC8H 1 7 0jf 2^.5 bo.9 7.2 2if.O if 1 . 2 7.3
Cyclohexanoate FeC9Hl7°^ 2 2 . 8 kk. 1 6 . 9 22.9 1 6 . 9
Benzoate FeC9H11°^ 2 3 . 6 kk.8 if. 6 23-^ if 5 . 2 k.6
Phenylacetate FeC10H13°if 2 2 . 6 b7.7 3-0 2 2 . 1 if 7. if 5.1
3-Phenylpropionate FeC1 1 Hl A 20,9 b9.Z 3-3 2 1 . 0 if9.if 3-6
Cinnamate FeC11H13°^ 2 1 .^ if 9 . 6  ' ^•9 2 1 . 1 if 9 . 8 k.9
•^f-Phenylbutyrate Fec 1 2 H 1 7°if 20,3 3 1 . 2 6 . 1 19.9 5 1 . 2 6 . 1
1 -Naphthoate FeCl3Hl3°if 1 9 . 2 3k.5 k.3 1 9 .^ 5b.0 k.3
9~Anthroate FeC17H15°b 1 6 . 6 6 0 .2. k.3 . 16.3 60.2 if.if
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TABLE XXIII
COMPLEX EMPIRICAL FORMULA ANALYSIS
Fe
FOUNDS
C H N Fe
CALCULATED
C
%
H N
o-Kethylbenzoate FeC1 0 Hl3<\ 2 2 . 0 if?.5 3.3 2 2 . 1 if7.if 5-1
o-Methoxybenzoate FeClOH13° 5 2 1 . 1 if if. 3 ^.9 2 0 . 8 Vf . 6 if. 8
o-Chlorobenzoate FeC9 H 1 00^Cl 2 0 . 8 39.2 3.8 20.3 39.5 3-7
o-Nitrobenzoate FeC9 H 1 0°6N 19.8 37.9 3.6 **.9 19.7 3 8 . 0 3.5 ^.9
m-Kethylbenzoate FeCioHi30^ 2 2 . 0 if 7.1 3.0 2 2 . 1 if7.*f 5.1
m-Methoxybenzoate FeC10Hl3°5 2 0 . 6 if if. 3 if. 8 2 0 . 8 kb.6 if. 8
m-Chlorobenzoate FeC9Hlo° ^ C 1 2 0 .if 39-if 3-9 20.5 39.5 3-7
m-Nitrobenzoate FeG9 HlO°6 N 2 0 . 1 37-7 3.3 3.0 19.7 3 8 . 0 3.5 k.9
p-Hethoxybenzoate FeC10H13°5 20.3 bb.b 3.0 2 0 . 8 kb.6 if. 8
3 ,5 ~Dimebhylbenzoate FeC11H15°4 20.9 if 9.1 3.8 2 1 . 0 if9-if 5-6
3 ,3 -Eimethoxybenzoate FeC1 1 H1 5 ° 6 18.7 Vf . 2 b.9 1 8 . 7 if if. 2 5.0
3 ,5-Dichlorobenzoate i’eC9Hg02fCl2 1 8 . 2 33.2 3.1 1 8 . 2 35.1 2.9
3 i ̂ -I^initrobenzoate FeC9 H9 OgN2 17.3 33.1 2.7 8.7 1 7 . 0 3 2 . 8 2.7 8.5
133
Infrared Spectra,
The infrared spectra of the complexes in KBr were recorded
*■ 1 1over the range 4,000 cm. to 300 cnu using a Jas€o model DS403G 
infrared spectrophotometer. Spectra recorded on the auxiliary 
recording chart are given in Figure 19. Grating changes occur 
at 2,000 cm.^, 800 cm.^ and 415 cm.\
Reflectance Spectra.
The reflectance spectra of the complexes were manually 
recorded over the range 26,000 cm. to 6,000 cm. using a 
Zeiss PQMII spectrophotometer fitted with an RA-3 reflectance 
attachment. The observed bands are listed in Table XVIII.
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